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THE CLINTON GROUP OF OHIO.—PART IV.

BY A. F. FOERSTE.

CHEMICAL GEOLOGY.

The Silurian rocks of Ohio open with the Cincinnati Group.

This group is composed of a series of limestones interbedded with

shales or clay. Neither the limestones nor the shales are magnesian

in character, the carbonate of magnesia rarely exceeding six per cent.

The amount of silica, however, varies greatly. The lower beds of

limestone contain from ten to twenty-five per cent, of silicious matter;

there is a corresponding diminution of the amount of the carbonate

of lime. The upper part of the series, however, contains very little

silicious matter, usually less than two per cent.; the carbonate of lime,

however, becomes a much more important constituent, averaging

ninety per cent. The interbedded shales differ from the limestones

chiefly in the amount of silica contained, there being a corresponding

diminution of the carbonate of lime. Thus the amount of silicious

matter in the shales varies between fifty-five and eighty per cent.; the

amount of the carbonate of lime, between four and twenty per cent.

The shales also contain more alumina than the limestones, but -the

striking difference is evidently the amount of silicious matter contained.

In one of the lower series of shales belonging to the Cincinnati Group,

but found in Covington, Kentucky, the amount of silicious matter is

somewhat less, forty-three per cent., and the amount of the carbonate

of lime is much greater, forty-seven per cent. Otherwise the chemi-
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cal peculiarities of the shales are quite uniform, differing in this respect

from the interbedded limestones.

In Preble county, near Fair Haven, a sandy rock intervenes be-

tween the Cincinnati and the Clinton Group. It is about two feet

thick. In a fragment of rock lying near by and apparently of the

same origin, there was the impression of a large aviculoid shell. In

Clinton county, near Wilmington, there is another series of sandy

stone between the Cincinnati and the Clinton Groups. The lower

part consists of quite heavy stone
,
about five feet of it are exposed,

although there may be more. This contains annelid teeth near its up-

per courses. These sandy stones are referred to the Medina Group,

although there is no paleontological proof to warrant this reference.

They do not exist at all in the numerous exposures near Dayton.

Several years ago my friend, Mr. A. B. Knerr, at that time assist-

ant in the chemical laboratory of Wittenberg College, made for me
some analyses of the rocks found at Huffman’s quarry, southeast of

Dayton, and also of one specimen from the Clinton Group, at a hill

known as Camp Corwin, east of Dayton. The result is shown in the

following table :

Chemical Analy-
sis OF Clinton and
Niagara Lime-

stone.

Chemical
Substance

Contained.

1

'

1

Niagara
Shale.

Dayton
Limestone.

Beavertown
Marl.

Clinton

Dark

Red.

Clinton

Light

Red.

Clinton

Dark

Green.

Camp

Corwin

Clinton.

Relative amounts of

Calcium and Mag-
nesium Compounds.

Ca Co.,

CaO
CO,
MgO
MgC03

46.22 93-23
26.36

31-27
14. II

97 - 7 ^ 97-83 65.14

35-03
25.03

•53

LT38 4.CO .22 •75 1 1 .
1

5

Sand and Clay In-

gredients.
SiO.,

Al-Pa
17-83

8.79

1.95 18.27

.^• 5 .^

1.03 .28 8.27

2.86

6.03
2. 13

Amount of Iron En-
tering into the com -

position.

FeCO.,
FeO
Fe-Pg
FeS., ,

,

2 60 •43

3-48

.60 .21 3-33
1.29

28.66

6.56

Miscellaneous Com-
pounds.

Water contained not

calculated.

Total

K ,0
PPs
TiO.,’

Na.p

1.06 •37
trace

•72 .22

trace
•24

trace

1.19

trace
•34
.87

.22

trace trace

98. 88 99.98 99.98 99.82 99-31 98.50 99.91
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Of the specimens here analyzed, those marked “dark red” and
“ light red” represent the typical forms of Clinton as they occur at

Huffman’s quarry. With these may be compared the following analy-

ses of Clinton rocks from other parts of the state. Centerville, Mont-

gomery county: CaCOs, 86.30: MgCos, 11.34; SiOa, .85. Eaton,

Preble county: CaCOs, 85.21; MgCos, 13.56; SiO^, .35. Brown’s

quarry. New Carlisle, Clarke county: CaCOs, 95.60; MgCOg, 3.93;

SiOg, not discovered in the analysis, if present at all, then only in in-

appreciable quantities. Ludlow Falls, Miami county: CaCOg,, 91.30;

MgCOa, 6.51; Si02, .80.

Comparing the limestone of the Clinton Group with those of the

upper part of the Cincinnati Group, we find a close resemblance in

the small amount of silica present in each. The magnesium carbon-

ate, however, which in both the shales and limestones of the entire

Cincinnati Group was present only in inconsiderable amounts, now
begins to be a very variable quantity, varying from less than one per

cent, to almost fifteen per cent. This variation causes a compensating

change in the amount of calcium carbonate present. It will also be

noticed that the central locality, near Dayton, has the least amount of

magnesium carbonate, but that the amount increases in all directions,

moderately so towards the northeast. Brown’s quarry, and the north-

west, Ludlow Falls; but markedly so towards the south, Centreville,

and the west, Eaton. In other words there seems to be a slight- ten-

dency of the Clinton Group, beginning with Dayton as the center, to

become more magnesian towards the circumference of the exposed

parts.

The same thing is true, but in a far more marked and satisfactory

sense, of the Dayton limestone. Here again the series of quarries of

which Huffman’s quarry is the center, contain the least amount of

magnesium carbonate. At a distance these exposures become more

and more magnesian until finally they can no longer be told from the

Niagara shales above.

But there is not only an increase in the amount of dolomitisation

laterally, but also vertically. To be sure, in Huffman’s quarry this

change is very sudden. There is a fairly sharp line between the Clin-

ton Group and the Beavertown marl. At Todd’s Fork, near Wilming-

ton, Clinton county, they gradually run into each other, and there is

a commingling of fossils. The Niagara shale at Huffman’s quarry is
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also quite distinct from the Dayton limestone beneath. But at Center-

ville, and numerous other places throughout the state, there is quite a

gradual change from one into the other. Whatever may have been

the cause of the increase of the carbonate of magnesium, it seems to

have originated outside of the special area here described. It began

to operate in the Clinton Group. At Todd’s Fork the change was

rather gradual, but at Huffman’s quarry, after dolomitisation elsewhere

had became quite advanced, it seems to have come suddenly, remained

long enough to deposit the thin Beavertown marl, and then to have

retreated again, giving way to the formation of quite a pure limestone

again. Meanwhile, on the outskirts of this area the dolomitic charac-

ter was still maintained, and a second advance of the causes leading

to dolomitisation took place, gradual at the outskirts, quite sudden at

Huffman’s quarry. After this second advance of the cause which may
have given rise to dolomitisation, it became permanent, the silicious

elements which had accompanied its earlier advance became less, and

the comparative amount of dolomite increased until in the Springfield

and Guelph, or Cedarville strata, the rock had become a typical dol-

omite.

It is evident, therefore, that the problems as to the cause of the

rapid succession of the limestones and shale or clays of the Lower Si-

lurian is a different one from that of the cause of the insertion of

the Beavertown marl and the Niagara shales in the Upper Siluri-

an Group of Ohio. While those of the Upper Silurian were part

of a general process of dolomitisation, more or less gradually infecting

the sediments of the series, those of the Lower Silurian evidently are

the result of a much more rapid and much more frequent alteration.

Both of these processes remain still to be explained. Much has been

written; it may be equally valuable to examine the question without

any special theory in view. The chemical relations of the Clinton

Group the rocks above and below can at least be well established.

It remains to note a few points about the relative amount of iron

present in the Clinton Group. In the two analyses from Huffman’s

quarry noted “ light red ” and “dark red” it will be noticed how
small a variation of the amount of iron present is sufficient to make a

marked difference in appearance to the eye. The Camp Corwin speci-

men is from the uppermost layers of the Clinton Group, at the locali-

ty mentioned and is a picked specimen, the usual amount present in
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the same layers being much less. The amount of iron becomes great-

er as well as far more regular in the upper courses of the Clinton

Group at Todd’s Fork, here becoming oolitic in places. Farther south

from this point it increases until it reaches some importance in tho

southern counties.

The specimen from Huffman’s quarry marked “ dark green ” is

a fragment showing localized features of the ordinary limestone of that

locality, of small extent, usually existing only as little, often far dis-

tant, patches. In the discussion of the chemical character of the rocks

here examined the analyses made by Dr. T. G. VVormley, and pub-

lished in the various volumes of the Ohio Geological Survey have been

constantly before my eyes.

STRATIGRAPHICAL GEOLOGY.

Stratigraphically the Clinton Group of Ohio presents no marked

subdivision except that of the Beavertown marl, which occurs at Huff-

man’s quarry, and also at Todd’s Fork, but not as a marked subdvis-

ion. The top of the Clinton at Centreville and the Soldiers’ Home
quarries, is composed of a few inches of clayey sediments, which pre-

sent a much larger number of specimens of certain species than are

found in the rocks below. These are : Orthis hybrida, O. elegantula,

G.fausta, O. Dayionensis, Tf'iplesia Ortoni] Calymene Fbgdesi (the \a.r-

ger forms), Rhinopora frondosa, and Homotrypa confliiens. But this

seems to be a mere local variation.

A comparison of the Ohio Silurian with the corresponding strata

of Indiana is at the present date difficult, owing to the fact that no

connected plan of work seems to have been followed in that state, so

that observations made are apt to have only very local value, and dif-

ferent writers apparently apply different values to the same stratigraph-

ical names. Careful paleontological observations with the exception

of the Waldron beds, are also lacking. Lithological features alone,

unfortunately, are so often deceptive that not much reliance can be

placed upon them. However the following conclusions seem fairly

well drawn. '

The Lower Silurian series of Indiana have been well determined.

In places, especially in Decatur and the more southern counties, the

base of the Upper Silurian is formed by a sandy rock, varying from
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a few inches to several feet in thickness, and corresponding in position

to with those of Fair Haven and Todd’s Fork, in Ohio—the so-called

Medina.

The top of the Upper Silurian of Indiana has also been well de-

termined. It consists of the highly magnesian rock known as the

Guelph, in Canada, and the Cedarville, in Ohio. It has been identi-

fied in Grant, Madison, Delaware, and Randolph counties ( 13th Rep.

Ind. Geol. Surv.); across the line it occurs again in the north of Preble

county, Ohio.

In Ohio the Springfield beds have been identified at Eaton, Preble

county; and the West Union beds seem to be entirely lacking. The
Springfield strata are in reality very closely allied to the Cedarville

strata, and are distinguished mainly by the great abundance of the

brachiopod, Petamerus oblongus, and by the fact that it usually shows a

more decided tinge of blue. The blue magnesian rocks immediately

to the south of the Guelph series already mentioned may safely be re-

ferred here.

In Ohio the Eaton beds extend south, reaching to a distance with-

in four miles of the Clinton exposures at Fair Haven. About two

miles north of the latter, the intervening portion is seen to contain

limestone beds, and also some cherty layers, one of which is well

marked, about nine inches thick, and contains numerous specimens of

Atrypa 7'eticularis. Now if the cherty layers here may be considered

fairly equivalent with the cherty beds usually found beneath the

W^aldron fossil beds of Indiana, then the Waldron beds may fairly

be considered the equivalent of the Upper Niagara shales of

Ohio and perhaps to contain sufficient association with the

Springfield beds to give its fauna a tinge of the facies of the Guelph.

The part below the cherty beds in Indiana would then contain the

materials recognized in Ohio as Clinton, Dayton, and perhaps the

lower part of the Niagara shale strata. The Clinton has been report-

ed from various parts of Indiana, but until the paleontological proofs

for such references are given, it will be impossible to make any use of

the identifications so far made.

Paleontological facts also bear out these conclusions. The fauna

of the Waldron shales has quite a decided relation to the Guelph fos-

sils. It is not a typical Guelph fauna, but it has a facies approaching

that of the Guelph and a fair number of species are identical. The
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Clinton fauna of Ohio, however, is not at all like that of the Guelph

in character, hut it possesses some feautures in common with that of

the Waldron beds, and a small number of identical species. This

would indicate a lower horizon for the Waldron beds than for the

Guelph beds, and a still lower one for the Clinton beds of Ohio. The

fact that the Clinton Group of Ohio contains a number of fossils sig-

nifying a low horizon, such as Rhmopora verrucosa, Phylloporina angu-

lata, Leptoena prolorgata, Strophoineiia patenta, Merstella umhonata,

Bellerophon fiscello-striatus, and Discosoriis conoideiis, and the fact

that the Waldron beds have no such types, is additional evidence in fa-

vor of the lower horizon of the Clinton Group of Ohio. I'hat the

Clinton Group of Ohio should begin to assume the Gcies of the Wal-

dron beds of Indiana, and the Waldron beds of Indiana, that of the

Guelph series above, are facts which the paleontologist will recognize

as being of frequent occurrence, and indicating consecutive develop-

ment of life. Moreover, it is not necessary to imagine that the vari-

ous strata mentioned must either be exact equivalents or entirely dis-

tinct from one another. While life ceased at one locality it was still

continuous for sorr.-e time at another, more or less removed, and new

types gradually introduced in those localities where life has been con-

secutive, seem to have been introduced suddenly into the locality

where life for a while had ceased, whereas it is only a case of the re-

introduction of a faunna in one place after life had ceased for some

time, from some other locality where life had been continuous, and

where the change of the fauna had been gradual. ' Geological divis-

ions are after all only convenient methods of reference, and divisions

are regulated largely according to the number of breaks in the faunal

development of any region. Every experienced paleontologist, how-

ever, knows that what are breaks in the development of life at one

place are gradually bridged over at some other locality, d his feature

is in small part shown by the Clinton and Waldron beds of the West.

Indeed, the Clinton of Ohio is itself a connecting bridge between the

Clinton and Niagara, as shown in New York, and Dr. E. N. S. Ringue-

berg has found another connecting bridge at Lockport, N. Y., be-

tween the divisions themselves. Again, the Anticosti Group of Cana-

dian geologists is a connecting bridge between the Upper and Lower

Silurian series of rocks. This illustrates the fact, well known among

students of ancient life, that geological divisions are not universally
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applicable, but that somewhere or other any dividing line is apt to

fail.

Geographical Paleontology.

Reed's Hill,—East of Fairfield, a village near Osborn, is a hill

that presents a fair exposure of Clinton rocks. There are about eight

feet of it, worked for building stone, of an inferior quality. Neither

the line of junction with the higher nor the lower strata was observed

here. The stone is of a pinkish, often rose-red color, and is com-

posed of tiny pieces of organic matter, preserving very few fossils in

a condition admitting ready recognition. They are: the bases of two

kinds of crinoids, Favosites Niaga?'ejisis, Rliinopom verrucosa,, a species

of Fenestella, OrlJiis blforata var. lynx, Orthis fausta, aid several spe-

cies of cup corals of unknown affinities.

Browns Quarcy.—Two and a half miles west of New Carlisle and

half a mile south of Brown’s Station, on the I. B. and W. R. R., is a

quarry presenting a fine exposure of the Clinton Group. The super-

posed strata of the Niagara Group were not noticed at this locality,

although exposures are said to be not far distant. The Clinton rock

is of a peculiar white color, which when ground gives it an appearance

much like that of chalk. It is comparatively soft, so that the fossils

contained are readily dug from the rocks, but they are also easily in-

jured, and not being very translucent they do not admit of good mi-

croscopical sections. The ground up rock is sold for marble dust and

subserves its purpose very well. A hot lime is burned from the rock

which formerly was in large demand in neighboring towns, and is even

now u-sed where the management of hot limes is understood. This

locality is of almost equal value with that of the Soldiers’ Home Quar-

ries, from a paleontological point of view. Brachiopods with the ex-

ception of Rhynchonella, are rare. The trilobites are well represented

and several new species are found. Of these Ascidaspis Orto7ti, and

a Ceraiirus are the most prominent. Lichas bt'eviceps and Pte.rinea brisa

are very common here, while in the Soldiers’ Home quarries they are

^ very rare. Hemitrypa Ulrichi is common, also various species of cup

corals. Crinoid buttons, which form such a constant feature else-

where are almost unknown here. Cephalopods of different genera are

quite common.

Ludlow Falls.—Most of the Clinton exposures were half covered
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by rubbish from neighboring quarries and railroad cuts at the time of

examination. The color of the stone is drab and in places dark red.

A fragment of the glabella of Illoenus Daytonensis, and a movable

cheek, probably of the same species were found here. The fauna

consists chiefly, however, of various corals, such as Heliolites^ Lyellia^

Halysites, Favosites, Heliophylliim, Diphylliim and Streptelasma. The

superposed layers of the Dayton limestone are drab in color, and con-

tain quite a large percentage of magnesia.

Fair Haven.—The character of the fauna is much the same as

that of Ludlow Falls, with the exception of certain additions. Striato-

pora occurs in considerable abundance. Trilobites, brachiopods, and

gasteropods are rare. On the other hand various bryozoans of the

families Sirictoporidee and Monticuloporidoe are seen in moderate abun-

dance.

Camp Co7‘win.—A mile east of Dayton lies a long range of hills,

the most northern promontory of which is called Camp Corwin. On
the crest of several of the hills near by several feet of Clinton rock are

seen, of crinoidal structure, with few recognizable fossils. The color

varies from pink to deep red. Some of the courses contain a large

percentage of iron.

Todds Fork.—The exposures are three miles north of Wilmington,

chiefly on the north side of the creek. Five feet of sandy rock re-

ferred to the Medina Group are exposed. Above this rise eighteen feet

of Clinton rock, the lower courses being white limestone, quite heavi-

ly bedded, then more reddish rock of the same nature, changing into

quite a heavy deposit of reddish rock above, containing much iron.

The last bed is the fossiliferous one and has yielded so far: Illoenus

anibiguus, I. Daytonensis, Proetus determinatus
,
Dalmanites Werthneri,

Orthoceras Jamesi, O. incepium, Raphistoma affinis, Orthis elegantula,

Rhynchonella scobina, SFophomena rhomboidalis, Phcenopora platypJiylla,

Ptilodictya expansa, Clathropora, Zaphi'entis, and Streptelasma.

A comparison of the faunae of the different localities so far men-

tioned will show that there is considerable variation in the distribution

of the different species. The most striking feature is the comparative

absence of trilobita, gasteropoda, and brachiopoda, and the large de-

velopment of the corals at Ludlow Falls and Fair Haven, the two

more western exposures. In a line almost parallel with these are the

Soldiers’ Home, Fauver’s, and Brown’s quarries. In this line the cor-
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als, although present to a moderate degree, do not form a marked fea-

ture of the enclosed fauna. However, this is the line in which there

is a considerable variety in the number of trilobites, brachiopods, and

bryozoa. It is especially of value, however, as containing the best

general collection of the fossils peculiar to the group in the best con-

dition for the collector’s purposes. The localities in line with Reed’s

Hill, Camp Corwin and the Huffman quarries are the worst localities

for collectors of specimens. However, beginning at Huffman’s quarry

there are a few fossils at the very top of the Clinton proper, and the

fauna of the Beavertown marl is also shown. At Centreville the top

of the Clinton proper reaches a greater variety in the fauna, and at

Todd’s Fork, where there is a commingling of the two, the top strata

are quite richly fossiliferous again. The question presents itself

whether this distribution of the fauna can have any relation to the ele-

vation of the Cincinnati Arch. If so, it would be a most indubitable

evidence of the elevation of that arch before the beginning of the

Clinton Group.

If there is so much variation in the fauna of even a quite limited

district it will be well to note what forms have been found most relia-

ble in the identification of this group, forms therefore which are char-

acteristic and have the widest geographical range. These are: IllcR-

niis Daytonensis, Illozniis ambiguits, Dalmaniies 'Wertherni, Platyostomus

Ntagarense (a small and constant form) Orthis flahella^ Strophomena pa-

tenta^ Phylloporina angulata, Clatliropora frondosa, Ptilodictya expansa^

the various species of PhcEnopom and Rhinopora verrucosa. Any local-

ity in this state or in Indiana, containing five of these species, could

safely be referred to the Clinton Group as represented in Ohio.
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THE GEOLOGY OF LICKING COUNTY, OHIO,

Part IV. The Subcarboniferous and Waverly Groups.

BY C. L. HERRICK.

In pursuance of the plan outlined in the last volume, material has

been slowly accumulating, the collection and collation of literature

and unraveling of perplexed synonomy being by far the most onerous

task. Nearly every foot of this and much of adjacent counties has

been searched by patient collectors and, in spite of the great difficul-

ties, much progress has been made m identifying and referring to their

horizons the fossils of the Waverly Group. It is hoped that even as

brief a review of the fauna as can now be presented will prove help-

ful. Perhaps no other limited group of strata in the Palaezoic era

has been the theme of more discordant discussion than this one. The

problem of the Waverly deserves to rank with that of the Keweenaw
and Taconic. While not claiming to settle the points at issue in this

paper, it is hoped that the material made accessible by the pictorial

and descriptive matter presented will at least afford every competent

palaeontologist with considerable material upon which to base his opin-

ion. The methods hitherto employed in the study of the Waverly

have been fatally lacking in several particulars. Generally the de-

scriptions have been unaccompanied by figures and frequently so hasty

as to make it necessary to base our opinion as to the accuracy of the

indentification on the reputation of the writer. No published work

has given the sequence of fhe fossils attributed to the Waverly, but in
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many cases evidence is wanting as to the fact that the stratum referred

to actually belonged in the same group or formation as those with

which it was collocated. The question was entirely open as to whether,

for example, those species figured in the Ohio Palaeontology were dis-

tributed throughout the series or were characteristic of limited zones.

Many species have been referred to the Waverly, which all precedents

show to be true coal-measure forms, while in a few cases Devonian

species are brought into curious and unexpected relations with such

species. We are quite in the dark as to whether the coal-measure

forms are associated in the same actual horizon with Devonian types

or whether the collocation of faunae is more or less arbitrary or, at

best, merely a theoretical result of a general survey.

The Ohio Waverly is the natural arena for the settlement of the

problem as being the most accessible and the earliest known. These

rocks were first confidently referred to the position of the Chemung
of New York, but a more extensive comparison has shown that the

Waverly is much more closely allied to the carboniferous than was

first supposed. Prof Alexander Winchell, who has given most atten-

tion to this series (which he calls Marshall) regards these rocks as the

equivalent of at least a part of the strata usually referred to the Oris-

kany. It is our purpose to defer extended discussion of these points

to the close of this series and our use of the term Waverly is to be

understood as waiving the matter of terminology, though that name
has priority, in Ohio at least, and its use in the restricted modern

sense does not involve any ambiguity.

To illustrate what has been said of the great importance and

difficulty of stratigraphical determinations we may allude to the

condition of our knowledge regarding the equivalent rocks in Michi-

gan. The serial relations in that state are, according to Prof Win.

chell, as follnws:

Marshall Group, consisting of

1. Napoleon sandstone 123 ft.

2. Marshall sandstone 160 ft.

3. Huron gritstones 15 ft.

Huron Group, consisting of

4. Argillaceous shales and flags 500 ft.

5. Green arenaceous shales 25 ft.
•

6. Black (Genessee) shale 25 ft.

Hamilton Group.
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The H*uron Group furnishes ‘‘all that is requisite to answer the

demands of the Portage and Chemung groups. The thickness is, in-

deed, considerably reduced; but it must be remembered that all other

New York groups traced into Michigan exhibit even a greater attenu-

ation than this parallel would imply.”

Enumerating the fossils of the Huron Group in 1870, Prof. Win-

chell says: “ Four of the [19] foregoing species I have identified

more or less doubtfully with species of the Hamilton group.” “The
equivalencies of these rocks are not very precisely indicated from the

palaeontological data. That the formation is newer than the Genessee

shale is demonstrated by its observed superposition. The palaeonto-

logical evidence indicates, at least, that the fauna is older than that of

the Marshall group; and this is all that is necessary. If this group of

rocks is proven by stratigraphical superposition to be newer than the

Genesee, it belongs either to the horizon of the Portage and Chemung,

or to that of the Marshall.” “The Huron group, above the black

shale, must correspond to the Portage and Chemung or to some por-

tion of them.”

Rominger, in 1876, writes: “ I'he light-colored greenish, arena-

ceous shales on top of the black shale exposed along the shore of Big

Traverse bay, may be possibly an equivalent of the Erie shales of the

Ohio geologists, but no fossils have been found by which this question

can be determined. The shales in the southern part ot the peninsula,

which were considered by Winchell, as a part of his Huron shales oc-

cupy a higher position, and must be identified with the Waverly.”

“ The conformity of rock material and stratification in this part of the

formation, above and below the imaginary division line between the

Devonian and carboniferous deposits is so perfect that no one would

accept this stratum as the terminal deposit of the Devonian ocean,

even if the fact were ignored that at least 500 feet of rock beds below

this horizon present the faunal characters of the Cuyahoga shales of

Ohio, which form the upper division of the Waverly group.” The
order of sequence as given by Winchell, Rominger declares entirely

wrong, claiming that it was based upon a mistake of a synclinical sec-

tion for a regularly descending one, so that what was regarded by the

former as the foot of the section the latter affirms to be the same hori-

zon as that at the opposite extreme. These discrepancies are here

pointed out not in order to harmonize them, which would require care-
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ful scrutiny of the region in question, but as an excuse for the stress

laid upon stratigraphy in this paper. Prof. Rominger again says:

“ Prof. Winchell considers the sandstones of Marshall as the lower

terminus of the carboniferous rock series, typically distinct by its fos-

sils from the next subjacent shaly beds, which he connects with the

Devonian rocks by the character of their fauna. Such a difference in

the fauna is not perceptible; the fossils of the Marshall sandstones and

the subjacent shales are not only generically in full harmony, but a

great number of species are common to both.” This quotation may
serve to justify the care with which the fossils herein noticed are limit-

ed to their horizons; It seems sufficiently obvious that central Ohio is

the place where the serial relations must be made out, if anywhere, for

here the stratigraphical sequence is perfectly unaltered and the hori-

zons well marked. We present the facts collected, confidently believ-

ing that they form a firm foundation for the solution of the perplexing

problem. The theoretical value of this study cannot be over-estimated.

The false theory that “times of peace make no history,” has too

largely affected our notions of geological history. It is by tracing the

succession of living forms during long periods of comparatively uni-

form conditions that the laws and course of development are to be dis-

covered. Even this brief discussion demands an allusion to the views

expressed by the state geologists of Ohio. In the first volume of the

final report. Dr. Newberry adduces reasons for considering the Black

or Huron shale as the representative of the Genesee plus part of the

Portage. The remainder of the Portage and the whole of the Chemung

is represented by the Erie shale, a group of greenish or grayish argil-

laceous shales limited to the northern part of the state and of small

vertical extent. The difficulty of eliminating at one blow from central

Ohio the great sandstone and shale series known in New York as Che-

mung. has, however, militated steadily against this view and most ge-

ologists have felt constrained to seek the missing formation in some

larger or smaller portion of the Waverly series. It is to be noted that

Prof. Newberry at that time contended that “ the series of strata which

begins with the mechanical sediments of the Portage has a fauna,

which is much more carboniferous than Devonian in character. The

commencement of the epoch of the deposition of this series of me-

chanical sediments . . . was in fact the beginning of the carbon-

iferous period.”

In the second volume of the same report Dr. Newberry brings
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into still greater prominence the close relation, both faunal and litho-

logical between the Waverly and the carboniferous. The general con-

clusions formulated are as follows: ‘‘That all its rich fauna is of a

decidedly carboniferous type
;
second, that it includes a number of

species characteristic of the lower carboniferous rocks of Kentucky,

Tennessee, Illinois, Iowa, and Michigan
;

third, that it furnishes at

nearly all of its fossiliferous localities certain species which are also

•common in the coal-measures above
;

fourth, that our collections made

include no Chemung or Portage species
;

fifth, that it is continuous

with the “vespertine” and “ umbral ” rocks of Pennsylvania. ”

The subdivisions of the Waverly are as follows :

The conglomerate (coal meas
)

1. Cuyahoga shale i50-2:;o ft.

2. Berea Grit Co ft.

3. Bedford shale 75 ft.

4. Cleveland shale 21-60 ft.

Erie shale (Chemung.)

It is to be noted here that what has since been called the Logan

sandstone, which makes up the bulk of the- exposed part of the forma-

tion south of the middle of the state is here omitted (probably as be-

ing identical with the Berea.) But doubtless nearly all the fossils, on

which the judgment pronounced as to the carboniferous age of the

series was founded, were actually derived from this part, i. e. our series

III. The Cuyahoga or the upper part of it added to this habitus re-

remarkably. The careful study of the Cuyahoga will, I think, surprise

geologists. If not actually a part of the coal-measure series, it has

curious premonitory sym[)toms.

Prof. E. W. Claypole, who incidentally discusses this question in

paper read in 1884, gives the following section of the Waverly :

Conglomerate (coal meas.)

1. Logan Group (of southern Ohio.)

2. Cuyahoga shale.

3. Berea shale.

4. Berea Grit—Waverly sandstone.

15. Bedford shale.

6. Cleveland shale.

This would be adapted to our own view by transposing Nos. i

and 2, or by intercalating No. i somewhere in No. 2.
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Let it be observed that, in our opinion, the diversity of opinion

as to the affinities of the Waverly Group is very largely due to the

vain attempt to regard it as homogeneous and the failure to distin-

guish the Berea Grit from the sandy upper layers—Logan.

Finally Prof. Hall, in Vol. V, of the Palaeontology of New York,

seems to withdraw quite fully from his early view of the identity of

the Waverly of Ohio with the Chemung of New York, (always com-

paring our Middle and Upper members—the lower being considered

unfossiliferous.) He says

:

A careful examination of those species supposed to have a ver-

tical range from the Chemung group to the Waverly group, has shown

that they are allied forms but specifically distinct.” He nevertheless

admits that the genera are identical with those of the Chemung, only

four genera of lamellibranchs being found in the Waverly not also

found in the Hamilton or Chemung. The series accessible to Prof

Hall was also very incomplete.

If it should prove that many Chemung forms persisted in Ohio

long after the shallowing waters of New York were unfitted for them

and that forms of carboniferous habit were gradually introduced it

would only furnish another to the long list of similar instances stand-

ing to the credit of evolution.

For an extended and very valuable discussion of the age of these

rocks, see Winchell’s papers in Proc. Philos. Soc. Vols. XI and XH,
1870.

That the series of freestones and shales with occasional inter-

spersed bands of conglomerate which occupies a belt of 250-500 feet

below the coal measures is really homogeneous may have been doubt-

ed, but it is left for the present occasion to point out the nature of the

variations in the fauna. The stratigraphy of the Waverly as seen in

central Ohio may now be confidently regarded as correctly determined

in at least its general contours. 'Phe interest attaching to the Waverly

group as affording a transition from Devonian to carboniferous faunae

under peculiar conditions will naturally be greatly enhanced if within

its own limits transitional forms or facies can be discovered. To
gather facts instructive upon this point it is necessary, first of all, to

identify continuous and unmistakable horizons. To this end we first

directed attention, and found such reference lines in two narrow bands

of conglomerate separated by an interval of from 38 to 50 feet, which

includes the quarry rock or freestone employed in this county.
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Though the conglomerates may disappear or vary, the fauna of the

subjacent shales aiford conclusive criteria for ascertaining at least their

approximate position. With these two lines of reference once estab-

lished, and leveled east and west through our district, the study of

higher and lower horizons became more fruitful.

Before discussing the work in this field it becomes necessary to recall

some points already stated in the first paper. It will be remembered

that our attention was given solely to a thin band of shale lying about 1 60

feet above the bottom of the coal-measures at Flint Ridge. In the same

report a band of limestone is referred to as occupying a place about

100 feet above the Maxville limestone, in Muskingum county and con-

jecturally referred to the position of the lowest coal seam east of New-
ark, at Bald Hill. This limestone has been further examined, and al-

though it has not yet been found possible to satisfactorily demonstrate

our position, the palaeontological evidence is not inconsistent with that

theory. West of Fultonham this thin band is well exposed and lies

about 120 feet below the coal mines of that region. If these coal

mines are on the same horizon as that at Flint Ridge, the relation is

the same as at that place, except that a few feet are interpolated (as

would be expected) above and below. The limestone in question is

sometimes dark and shaly, at others is dense and crystalline. Its fauna

is quite large and the following species have been identified.

1. Productus cora, rare, though common as at Flint Ridge.

2. Pi'odiictus semireticulatiis, common.

3. Productus longispiniis^ not common.

4. Chonetes ?7iesoloba, rare.

5. Athyris subtilita, common.

6. Spirifer camei'atus^ (rzr S. striatus.

)

7. AUorisma subcuneata.

8. Naticopsis nodosa.

9. Naticopsis nana ?

I o. Macj'ocheilus ponderosus ?

1 1 . Macrocheilus planus ?

12. Macrocheilus paludinoeformis small form.

13. Macrocheilus fusifonnisl

14. Bellerophon nodocaidnatus, fine large specimens.

14. Bellerophon sp.

The fifteen species discriminated are beyond doubt coal-measure

forms and the chief difference between the assemblage and that at
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Flint Ridge is in the relative abundance of the species. Naticopsis

nodosa has not been recognized from the Flint Ridge shales and Pro-

ductus semireticulatus is abundant in the Waverly, but rare in the

Flint Ridge shales. It is possible, but not probable, that the two ho-

rizons are identical. The sandstone and shales underlying this band

are unfossiliferous and the next link in the series connecting the coal-

measures and the Waverly is found in the so-called Maxville or Chester

limestone. A considerable fauna will yet be restored to us by a suffi-

ciently prolonged search in the limestones and shales of this series in

Ohio, which is nearly 2^ feet thick in the vicinity of Fultonham.

Eleven species have been described from this horizon by Whitfield.

The characteristic species which are everywhere abundant are Prodiic-

tus parvus, which, however, is often much larger than the type and

approaches P. semireticulatus in some characters, Spirifer glaber,

Athyris subtilita, Euomphalus planodorsatus and Bellerophon sp.

PkiLrotomaria chesterensis ? Holopea neivioncnsis 2 Nauliliis specta-

bilus, Ctenodonta 2 sp. Allorisma andreivsi. (Plate XIII, Fig. 12) and

Spirifer incrcbescens, H. With regard to the last mentioned species

it may be here noted that no difficulty exists in tracing this species to

its successor in the coal-measures (S. opirr.us) and to its probable pro-

genitor in the St. Louis group (S. Keokuk var. Hall), this in turn to

the Keokuk group. There are many hints of this sort which will oc-

cur to the attentive student of these successive faunre. A cup coral,

Lophophyllum sp ? (See Plate XHI, Fig. 17), also occurs rarely.

In this connection may be described

Jfautilus (?) hisulcatus

.

sp. n.

(Plate XI, Fig. 16.)

Shell of moderate size, very compressed rotate, volutions not em-

bracing, (two to three?) transverse diameter of outer volution less than

one-half the dorso-ventral diameter, transverse diameter greatest one-

third from the ventral side
;
upper and lower surfaces marked dorsally

by a Carina within which is a broad, shallow grove, followed by a sec-

ond ridge about one-third from the dorsal margin, succeeded by a

groove shallower than the first, which is followed by a gently convex

portion extending to one-fifth from the ventral margin, where is a slight

Carina, beyond which the surface inclines to meet the similar plane of
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the opposite side at an acute angle, the resulting surface being slightly

concave.

Our specimens are fragments which do not furnish material for

careful description. The symmetrical relation of the two sides indi-

cates a cephalopod in spite of the apparent absence of septa. The

siphuncle seems to be central. 'Fhe greatest diameter was not less

than 75 mm; dorso-ventral diameter of volution near end, 15 mm ;

lateral diameter of volution, 6 mm
;
the width of the plane dorsal

margin is 3 mm. N. pauper, Whitfield may prove identical with our

form, but it would not be suspected except from incidental similarities

and the fact that our form is derived from the same horizon at Ful-

tonham.

West of Fultonham, two or three miles, are exposures which per-

mit the reconstruction of the following section :

Coal measure sandstone (exposed) 10 ft.

Bituminous shale 2,% h-

Limestone ’ 18 in.

Shale (many fossils) 2 ]/n ft.

Sandy layer ^-6 ft.

Finn limestone 6-10 ft.

Shale ; 3-6 ft.

Reddish and grey silicious shale and free-stone—Waver- \

ly (exposed) 10 ft.

Tlie section not being continuous may not be very accurate, but

expresses the approximate relations. No inconformity could be de-

tected between the shales forming here the base of the coal-measures

and the reddish layers, which are undoubtedly Waverly and contain

Chonetes illinoisensis and other characteristic fossils.

The Waverly layers for some distance below the coal-measures

are, except in a band about 4 feet from the top, apparently unfossilif-

erous. About two and one half miles east of Rushville is exposed

about 20 feet of Waverly, which lies about 70 feet below the top of

the Chester ( Maxville) and hence, if that series has there its maximum
development, some 50-60 feet below its base. This exposure is inter-

esting on account of the presence in it of a Trilobite {Phillipsia mera-

mecensis) not found in the lower beds of the Waverly and having a
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decided carboniferous habitus. At Rusville the following section is

exposed :

Shale, with Procluctus semireticulatus and

Spirifer slriatiformis too ft. above congl. II.

Shales and thin bands of freestone 30 ft.

( Pleurotomaria, etc.)

Nodules of lime (fossiliferous) 65 ft. above congl. II.

Shales.

Freestone, 40 feet above congl. II. Nau-

tilus sp., Hemipronites, Productus

arcuatus, elc about to ft.

Shales about 30 ft.

Conglomerate and sandy freestone 5 ft.

“ Conglomerate II forms the basal, 18 inches or so, and here is not very

coarse.

Shales, with Allorisma winchelli, Prothyris meeki, Sanguinolites obliquus,

Grammysia ventricosa. and Pholadella newberryi.

'I'his last is the lowest horizon seen in this part of the state and cor-

responds to the shales overlying the freestone in Licking county.

The fauna found at the highest horizon of Waverly in Licking county,

is here encountered here near the top and the various species can be al-

lotted to their position in the series with unexpected ease and cer-

tainty.

The little excursion thus made into Muskingum and Perry coun-

ties enables us to complete the series in its normal condition. How-
ever, the moment we turn our attention to our allotte'd task in Licking

county, we discover that the series is imperfect at one point. While

conformity between the upper Waverly and lower Chester does not

exclude the idea of a considerable interval of time between the fossil-

iferous bands of the two groups, it is apparent that in Licking county

the Chester interval is unrepresented and that much of the upper Wa-

verly is generally absent, so that the white sandstone or conglomerate

of the coal-measures lies unconformably on one or other of the Waverly

beds and the upper surface of the Waverly itself has obviously suffered

erosion. The amount of the erosion varied in different places and where

greatest is covered by coarse quartz pebbles of granitic origin mingled

with coal measure trees of large size. 'The suggestion of extensive erosion

been heretofore made, but absolute proof has been wanting. It is has

our privilege to complete the evidence and to point out in general the

amount of loss thus incurred. It has been quite generally supposed
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that an elevation of the coast at the close of the Waverly period

caused the recession of the water, and that the period occupied at the

west by the deposition of some 550 feet of sediments was not a time

of rock formation in centraLOhio. The results of close study of the

lowest coal-measure conglomerate has unexpectedly indicated the con-

trary. While engaged in collecting samples of the quartz pebbles

forming the bulk of this conglomerate eight miles northeast of Newark,

a large number of fragments of limestone were also broken out.*

These are angular and. though very badly decomposed, show that they

could not have been derived from a distance, as the quartz must have

been in order to free itself so fully of the softer, including country rock,

and acquire its rounded form, and, moreover, they contained a few fos-

sils which can only be referred to the age of the Chester or St. Louis

Group. These conglomerates are full of the impressions of Lepidoden-

drids and Catamites and seem to have been torn from their places by tor-

rents which carried from the mountains to the north their freight of

coarser and finer material, much of it being of a metamorphic and ig-

neous nature. The Chester limestone must at that time have been

more or less firmly consolidated, perhaps in the form of clods of limy

clay, and has preserved identifiable remains to tell the story. Thus

the same coarse conglomerate tells us that a mighty river flowed into

the coal-measure ocean from a region to the north, exposing igneous

and metamorphic (partly granitic) rock, that it flowed through a region

covered by deposits of St. Louis or Chester age, thus showing that a

large series supposed to be absent in this part of the state was simply

obliterated by erosion. Such a chain of argument indicates what pos-

sibilities are open to a more careful study of limited areas. The fos-

sils referred to are figured beyond, in connection with those of the

Chester further south.

We now pass to the Waverly proper. This may be divided into

three well-marked groups which present us with a carboniferous, a

Waverly, and a Devonian facies respectively. The lower division

-ought probably to be referred uncompromisingly to the Devonian, the

second, less obviously Devonian, still contains a fair proportion of

<lhemung fossils, while the upper series can be unhesitatingly called

sub-carboniferous. These zones are marked off, as already hinted, by

-''The Ohio geologists have observed the same fact in other parts of the state,

but a different interpretation has been offered.
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two bands of conglomerate, which include between them the middle

member or Waverly proper.

The upper Waverly, with its 100-150 feet, has been rather less

studied than either of the other divisions. Near the top it is charac-

terized by Prodiictiis semireticulaiiis, Spirifer stratiforinis
^
Phillipsia me-

ramecensis, Nauiilus sp, Crenipecten^ sp. n. Hemipronites is also very

abundant.

The upper conglomerate, or congl. II. is itself often fossiliferous

with the species characteristic of the shale below and especially Spir-

fer winchelli. Allorisma winchelli, A. ventricosa^ Sanguinolites obliquus^

Prothyrus meeki, Edmondia, etc., are the determinative forms for the

shale. The free-stone which lies below this shale is full of fossils.

Spirife}' carteri, Crenipecten winchelli^ Phillipsia shamai'di^ Rhynchonella

coope^i and R. contnicta are characteristic of this zone. After an in-

terval of shale, sometimes with Allorisma winchelli, but generally bar-

ren, we reach congl. II, which varies from a narrow belt of sandy free-

stone to TO feet of coarse sand and conglomerate. A few feet below

this is one of the most characteristic layers of the whole formation,

abounding in Palceoneilo concentrica, and P. atteniiata, Sanguinolites

imioniformis, Streblopteria media, Bellerophon lineatus, B. galericiilatiis,

etc., etc. The same fauna may be found for 30 feet below, but 40-50

feet below is a zone with quite a different habitus, containing Ryncho-

iiella sappho, Leiopteria ortoni, Crenipecten tumidus.

Near the same horizon, probably below it, but exposed further

west and not yet certainly located vertically, is a zone with Spirifer

marionensis, which species is also abundant in limestone nodules some

15-20 feet lower along with a peculiar fauna of considerable individu-

ality, at Moot’s run.

Through the kindness of Mr. E. S. Clarke, a system of levels was

run from Granville to exposures eastward from Newark, correcting the

barometric work of last year. The conglomerate I. being the most

available base line, the levels refer to the top of this stratum, which

is exposed along “ the avenue ” leading to the buildings of Denison

University. Along a line bearing S. 68° E., for 3 85 miles, this con-

glomerate dips 79.35 feet, from this point to the south Newark quarry,

a distance of 4.44 miles S. 79° E. the dip is 48.74 ft. A portion of

the difference in inclination is due to the increased thickness of the

conglomerate to the eastward, but the influence of the Clay Lick arch

is also beginning to be felt. In our last report the mistake was made
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of paralellizing the conglomerate I. at the Dug-way, (or the first of the

above mentioned stations) with the second conglomerate at the south

Newark quarry, thus making the combined Waverly section too small

by 39 feet. In like manner a level (barometric) between Granville

and Cat run, a distance nearly due north of 5^ miles, reveals a dip

to the south along congl. I. of 79 feet, or over 14 feet per mile. The

section at this place is

4. Freestone and part of shale below congl. I. 35 ft.

3. Shales and freestone 29 ft.

2. Congl. I, coarse pebbles, loose __i6 in,

I. Shales with Palaeoneilo attenuata 14 ft.

The relations are almost precisely as at the Dug-w'ay. Passing

southwest from Granville, a distance of three miles, at Cheney’s run,

we find, at the bottom, a fossiliferous band marking the horizon 40 ft. be-

low conglomerate I. This is about 30 feet higher than at Granville, a dip

of only 10 feet per mile. Now passing due west to a point 4^ miles

west of Granville, the bridge over Moot’s run is reached. At this

place a fossiliferous layer of shale is found 36 feet higher than the last

mentioned, which would permit this horizon to be identified with the

40 ft. layer above mentioned assuming a dip of 12 feet per mile to the

east. There are, however, at this place indications of a local increase

in dip, and this layer contains Spirifer marionensis and few fossils iden-

tified in the 40 ft. layer farther east, while 20 feet above are layers

with the lithological character of that horizon (unfortunately unfossil-

iferoLis.
)

At the foot of this exposure, 20 feet below the Sp. marion-

ensis layer, are found specimens of Chonetes logani 2iwdi Rhynchonella

sappho. Passing one mile west, a very interesting bed of shale with

limestone nodules is exposed. This bed is very fossiliferous and is the

lowest richly fossiliferous bed known in the Waverly. This is thirty

feet above the Spirifer marionensis layer and, allowing a dip of 15

feet to the mile, would still lie at least 15 feet above that horizon strat-

igraphically. It probably is upon nearly the same horizon. Contin-

uing west twelve miles to Rocky fork, a series of gritty flags and shales

is reached about 15 feet higher than at the Sp. mai'io^-ensis layer at

Moot’s run, by barometer; thus, allowing a dip of 14 feet per mile, we
reach a horizon about 1 70 feet below that layer. At a point three or four

miles farther west and south, not far from Gahanna, these gritty lay

ers are quarried and are interspersed with layers of bituminous shale

like the Ohio black shale. A point quite near the foot of the Waver-
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ly is here reached 120 feet below the last mentioned zone. As the

southern element in the dip is here quite appreciable, it would be an

ample allowance to estimate this horizon at 150 feet below the last

named, or 320 feet below the lowest fossiliferous zone of the Waverly.

Near Summit on the Baltimore and Ohio R. R., we find the follow-

ing section :

6. Shaly freestone 10-15 ft.

5. Blue shale 4 ft.

4. Grey calcarous sandstones 12 in.

3. Blue shale 10 ft.

2. Unexposed 70 ft.

I. Black “Ohio” shale 30ft.

The entire unfossiliferous part of the Waverly may therefore be

estimated at less than 350 feet, and the Waverly series in Licking Co.

at less than 570 feet. Probably 550 feet would about cover it.

A generalized section of the Waverly in Licking Co. is as follows:

Carboniterous conglomerate.

14. Upper Waverly, shales and flags with few fos-

sils. Phillipsia meramacensis, Productus arcu-

atus, Prod, semireticulatus, Aviculopecten sp.,

etc about too ft.

Best exposed at Bald Hill and i mile north of Newark.

13- Shales, soft, with few small fossils. 4 fi

12. Conglomerate II. Spirifer Winchelli- 18 in.

I I . Shale, “ Allorisma layer,” Spirophyton 7 ft.

10. Freestone (Berea?) many iossils 30 ft.

9- Shales, barren 15 ft.

8. Conglomerate I 1-4 fi-

7- Shale “ Lamellibranch layer” 4 ft.

6. Shales, same fauna, less prolific 26 ft.

Flags - - - 12 in.

5- Shales, barren 10 ft.

4- Flags, with Rhynchonella sappho, Leiopte-

ria ortoni, Strebloteria media, etc 18 in.

3 - Shales, barren 20 ft.

2 . Shales, with Spirifer marionensis 18 in.

I. Shales, barren, ^

Flags and black y about 350 ft.

bituminous shale j

Black shale.

All below congl. I. is spoken of as division I, la being that portion of this

division over 40 feet below this zone, Ib the upper 40 feet. Division II includes

all between congl. I and II, and division III, the remainder.
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In our study all collections made before the discrimination of

these various horizons were abandoned and the whole recollected, la-

beling each fossil with its relative position with reference to the base

line. The typical exposure of the county is that formed by the ero-

sion of Raccoon creek, near what is known as the “ Dug-way,” be-

tween Granville and Newark. It is supplemented by that one mile

south of Newark and one mile north of the same place. Exposures

six miles further east corroborate the observed sequence. The lower

layers can be best studied at Moot’s run, four miles west of Granville.

The most significant determinative fossils are Allorisma winchelli,

of the shale below congl. II; Spirifer winchelli, of congl. II; Spirifer

cuspidatus, of division II; Pal^oneilo attenuata, of shales below congl.

I
;
Leiopteria ortoni of the 40 ft. layer below

;
Spirifer marionensis,

of still lower horizons. The discussion of the stratigraphical relations

of the various species is omitted and the reader is referred to the dis-

tributional table at the close.

Outside of Licking county considerable work has been done which

is here only so far employed as to verify the observed relations. It is

reserved for another occasion when a wider range of comparison may
be admissible.

LIST OF FOSSILS FROM LICKING COUNTY, OHIO.

This list has been compiled under almost disheartening difficulties

and is merely a preliminary contribution to the fauna of the group.

Certain subkingdoms have not been studied at all and as the plates

were engraved prior to the elaboration of some families typical forms

have not always been figured. The collection of additional specimens

may affect determinations here made, but it is not believed that further

study will materially alter the relative value of the chronological evi-

dence. I wish here to express obligations to Prof. Alexander Win-

chell, the renowned geologist of Michigan, for iudispensible assistance.

A small suite of specimens and part of the plates were placed in his

hands, which he kindly examined and reported upon, thus preventing

serious mistakes. However, it is but just to say that the nature of the

material sent was such that, even where his views are quoted, it would

be unfair to implicate him in the mistakes contained in this paper for

which tne writer assumes full responsility, at the same time acknowl-

edging himself indebted very largely for whatever value the paper
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may have to the disinterested generosity of his distinguished friend.

Equally indispensible has been the work of friendly collectors, Mr.

W. F. Cooper having assisted most largely, while Messrs. C. J. Her-

rick, Ira Crawford, E. S. Clarke, J. L. Deming, and many other stu-

dents and friends have similarly assisted.

The tabular review is intended to exhibit at a glance the general

stratigraphical conditions as well as certain comparisons bearing on the

age of the group. It will be constantly remembered that only a part

of the species collected are described in this number.

I. signifies all below conglomerate I, as seen at the foot of the

south Newark quarries ; II. is that section including the freestone at

Newark and ending with conglomerate II, feet above the base of

the quarries at Newark; III. is the remainder of the s ries including

shales and fl igs to the base of the Chester or coal-measure conglom-

erate as the case may be.

Phillipsia ineraiiiecensis, Shumai-d.

(Plate XI, Fig. 3.)

A single pigidium from near the top of the Waverly east of Rush-

ville.

Pigidium considerably wider than long, parabolic in outline,

with a very narrow border; axial lobe broad and high, fully

Yz as wide as the pigidium proximally, composed of thirteen narrow,

unsculptured segments, prominently truncate behind, separated from

the pleurae by a not very deeply impressed sulcus, but rising above

them almost at once
;
pleurae rather convex, eight segments being evi-

dent, which are low and flat, with a slight groove on the top of the

first and second near the posterior edge
;
the narrow border of uniform

width and abruptly deflected. Length 8 mm
;
width ii mm; width

of axial lobe 7 mm.

The figures given by Shumard do not show the characters empha-

sised in his description, which agrees quite fully with our specimen.

The species was originaly found in the Archimedes limestone at Fen-

ton, St. Louis Co., Missouri, a horizon, apparently the equivalent of

the one here noted.
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Phillipsia shumardi. Herrick.

(Plate II, Fig. 22. )

Proetus missouriensis, Shumard. Geol. Missouri.

Abundant in the freestone of middle Waverly. See Bui. Den.

Univ. Vol. II, Part I, page 69.

Phillipsia praeoursor, sp. n.

(Plate XII, Fig. I.)

Closely related with P. shumardi. Her.

Head shield parabolic in outline, axial portion very high, rapidly

curved, highest portion near the centre of the glabella. Glabella

nearly twice as long as wide, anteriorly forming a high, rounded, fine-

ly striate ridge, separated /rom the axial elevated portion by a deep

but narrow sulcus; postero-lateral lobes small, oblique, well defined

by the arched grooves which reach the cervical groove or nearly so,

and separated from each odier by an interval equal to their own width;

there is but a single pair of secondary on lateral lobes with a pretty

well defined sulcus lying well back of the centre
;
palbebral lobes

large, quadrate
;
cervical suture deep and wide, cervical segment

rather large. The cheeks are bordered by a triangularly elevated mar-

gin and a rather deep groove and project backward into short, acute

spines. None of our specimens show the fixed cheeks and the figure

of the head is imperfect in this respect, but bears a strong resemblance

to P. gemmulifera. Pigidium nearly semicular, moderately elevated,

about times as wide as long, the axial portion is high, tumidly

conical, and obtuse, marginal sulci rather deep
;

axis composed of nine

(ten) segments separated by deep grooves, pleural portions rather reg-

ularly convex, with about seven apparent ribs which are elevated and

pustulose dorsally and bifurcate near the margin
;
margin convex, sep-

arated by a shallow groove. All of the annuli as well as the median

parts of the gebella, are covered with well defined pustules. Length

of glabella 14 mm ;
width 7 mm. or more; length of pigidium ii rpm;

width 17 mm.
This form is obviously very nearly allied to P. elliptica from the
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Kinderhook of 111 . and P. swallovi, from the Chouteau limestone of

Missouri, but seems quite distinct.

From nodules in shale at Moot’s run, also in the shales containing

the same.

PleuTodictyuin Prohleinaticum, Goldf.

(Plate VIII, Fig. 15.)

“ Corallum depressed, sub-hemispherical, or semilenticular
;
the

under side concave and provided with an epitheca, the upper convex.

Corallites somewhat irregular in size and form, more or less angular,

often hexagonal, short, increasing rapidly in size and so distinctly ra-

diating from the middle upwards and outwards, that those of the lower

series lie nearly or quite parallel to the concave base, and even decline

as they extend out from near the middle to the periphery—those rising

from near the middle shorter than the others; connecting pores as in-

dicated by their casts, rather numerous, and apparently irregularly ar-

ranged, sometimes passing through the corners as well as the sides of

the walls between the corallites.”

A considerable number of this interesting compound coral were

found by W. F. Cooper, in the upper layers of freestone near congl.

II, in a condition similar to that described by Meek and Worthen.

The “coarse, friable sandstone,” referred to the Onondaga section of

the corniferous group by the Illinois geologists seems to belong at a

higher horizon as first supposed, at least the presence of the same form

in the Waverly group, pretty well up in the series, lends probability to

this suggestion.

Orbiciiloidea sp?

(Plate VIII, Fig. 14.)

A large species of Discina-like appearance is common in the shales

of the middle Waverly and has been usually referred to D. newberryi.

Meek. As only the dorsal valve is known and this is larger than the

type, we prefer to defer identification. There is a ridge rather than a

slit, as in Discina and the shell is usually distorted.
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Crania Jiamiltoniae, H. (?)

(Plate XII, Fig. iq.
)

This little species is found adhering to mollusks and brachiopod

shells and is largely modified by the ornamentation of its host. Our

specimen agrees as fully as might be expected with the smaller varie-

ties of the species quoted.

Broadly oval or sub-circular
;
dorsal valve sub-conical

;
apex sub-

central or excentric, pointed, surface marked by very fine (scarcely

lamellose) striae. Lower valve not seen. Concretionary layers at

Moot’s run—lowest fossiliferous horizon.

This species, whether specifically identical with C. hamiltoniae or

not, has a decided Devonian aspect.

Procluctus Jfehrascensis, (?)

(Plates I, Fig. 24; III, 2^(?) 2^a.) vT/

Specimens having the characters of this species are widely distrib-

uted. Though never attaining a very large size there is a considera-

ble range of variation in this respect as well as in outline and form.

The rather regular and prominent pustules are sufficiently characteris-

tic. The species is known from the horizon of congl. I, to the top, but

may descend lower.

Productas semireticulatus.

(Plates I, Fig. 26; III, 24; VII, Fig. 11; X, 6, 6a.)

This widely distributed species is especially characteristic of the

uppermost Waverly, as found at the tank north of Newark and in the

freestone. The species attains a large size and may be recognized by

the great prominence of the ventral valve near the strongly incurved

beak.

Proclactas arcuatus, Hall.

( Plate III, Fig. 18.

)

Prof. Hall’s description runs as follows:

“Ventral valve much elevated, longer than wide, very gibbous,
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extremely arcuate, the beak recurved upon itself so that the hinge line

is nearly opposite the centre of the back of the shell
;
hinge line shorter

than the width of the shell
;
cardinal extremities produced into small

angular ears. Surface marked by strong radiating costae, which bifur-

cate upon the umbo and below, and sometimes coalesce toward the

base of the shell
;
entire surface covered by fine undulating concentric

striae, and, in the upper part, a few strong wrinkles, which are con-

spicuous on the ears and umbo. A few marks of the bases of spines

are noticed, but they appear to have been irregularly distributed.”

This species is P. semireticulatus in miniature. Our specimens

differ from Hall’s figures chiefly in the greater irregularity of the striae,

in this respect, however,' agreeing with his description.

Length 17 mm; width about 15 mm; hinge 14 mm. Near congl.

II, Granville and Newark.

Productus flemiivgi, var. hindln^tonensis

.

H.

(Plate III, Fig. 20 [and 22?])

A few specimens, apparently from the upper division of the Wa-

verly, resemble very closely this species. The occurrence of a Bur-

lington species in this horizon is certainly suggestive.

Productus {Productella) shinnardianus

,

H.

Plate VII, Fig. 18; Plate VI, Fig 16?)

(= Productus subaculeatus, Murch.)

Pj'odiictus subaculeatus, has been identified by Hall, from the Cor-

niferous He says :

“ I have been unable to identify it with any species in the Ham-
ilton and Chemung groups of New York, though the resembling those

which I have placed under P. shumardiana. x\ larger collection of

specimens may possibly show a passage from one to the other.”

Productus shumardianus is doubtless identical with P. spinulicos-

tus, H., P. concentricus, H; and P. pyxidata, H., while P. lach7ymosa

is perhaps less closely allied, though a member of the same series.
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Productus dclorosus^ Win.
,
is apparently a synonym for P. truncatus^

H., and has not yet been certainly identified within our limits.

T,ypical ventral valves of P. shumardianus are frequent in the

sandy parts of conglomerate I, though never found much above this

horizon. A dorsal valve apparently of this species was found in the

nodules at the foot of the exposure at Moot’s run, at least 50 feet be-

low the horizon of conglomerate L I quote Hall’s description.

Shell concavo-convex, sub-hemispherical, wider than long •

hinge-line nearly or quite equalling and sometimes greater than the

shell below. Ventral valve very convex, gibbous in the middle and

on the umbo, which is abruptly narrowed toward the beak, and the

apex curved over the hinge-line; the sides abruptly depressed toward

the cardinal extremities, which are flattened and more or less auricu-

late. In one specunen observed, the apex is minutely truncate, and

there is a barely perceptible line at the junction of the two valves,

which indicate an area. Dorsal valve concave, often corresponding

essentially with the ventral valve^ but sometimes nearly flat in the up-

per and central portions and abruptly deflected toward the margin.

Surface of the ventral valve marked by intermittent radiating ridges,

gradually rising from the surface and terminating below in elongate

spines
;
while upon the upper part of the shell, about the umbo, there

are scarcely perceptible elevations of the surface above the base of the

spines. * The entire surface is marked by close concentric

undulating striae.”

The cardinal process of the dorsal valve is bifurcate. Figs. 6, 6a,

6b and ii, of Plate XII, illustrate various conditions of this species.

Fig. 6 especially resembling P. spinulicostatus.

[Productus concentricus

,

H ]

(Plate VI, Fig. 16.)

(— P. shumardiana, H. ?)

The identification of this dorsal valve was suggested by Prof. A.

Winchell, but it is made with some hesitation, as the specimen was

found associated with P. shumardianus as above indicated. In mark-

ings, both concentric and pustulose, the valve agrees better with that

species from which it seems to differ somewhat in form. Nodules,

foot of expo.sure at Moot’s run.
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Productiis {Pi'oductella) lachryinosus. var. sti£m,ariiis

,

H.

(Plate III, Fig. 28.)

(Cf. P. curtirostra. Win.)

A few specimens, mostly poorly preserved, from the nodules at

Moot’s run, represent this or a closely allied species. The specimen

figured shows only the cast of the dorsal valve. The fine, wavy con-

centric striae and interrupted radiating ridges, and slight mesial sinus

can all be duplicated in New York specimens.

A large ventral valve measures 40 mm. in width, 30 mm. in height,

and about t8 mm. in convexity of valve. There is a faint but obvi-

ous sinus and the surface is marked by nearly obsolete coarse ribs, as

well as the fine, irregular concentric striae. Prof. Hall suspected that

this large form would prove distinct from P. lachrymosus, in which

we concur.

Productivs {Prod.uctella) speciosus, H. ?)

Specimens more nearly agreeing with the Chemung species than

those with which it is associated, have been secured. These speci-

mens are characterized by numerous, rather regularly arranged, small

pustules covering the entire surface. Moot’s run, calcareous nodules.

Prodiictus gracilis. Win.

(Plate VII, Fig. 20.) No. 1347.

The original description reads as follows

:

‘‘ Shell small, aperture of the ventral valve forming a little more

than a simicircle. Ventral valve moderately inflated for a Productus,

with flattened, smooth, triangTar auriculations
;
hinge-line equal to

greatest width of shell; mesial sinus wanting or barely perceptible;

external surface marked by fine, rigid, sharp, once dichotomizing ra-

dial striae, numbering about 40. No indications of spines have been

detected. Length of hinge-line .29 in., length from beak to anterior

margin, .21.”

Our form is nearly as large again and has the Tinge line shorter
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than the length of the valve, nevertheless we dislike to attempt to dis-

tinguish it from a species confessedly founded on a single imperfect

ventral valve. Our specimen, however, has no spines and a com-

pound dischotomy of the striae. Sandy layers of congl. I, Dug-

way,” near Granville.

Chonctes logani, Nor. and Pratt.

Plate VII, Fig. 22; Plate III, Fig. 12 ?)

In Fig. 22, Plate VII, the radiating costae are not distinct enough,

while the specimen figured on Plate III may prove to be C. multicos-

ta, Win. C. logani seems to be distributed throughout the series up to

congl. II, at least.

The confusion introduced into this genus by identifying this spe-

cies with C. illinoisensis, has been corrected by Prof. Winchell.

Chonetes illinoisensis, Worthen.

(Plate III, Fig. 21.)

Rather large for the genus, transversely semioval
;
moderately

convex ventrally
;
length between two-thirds and three-fourths the

width
;
hinge lins nearly equal to greatest width, with five or six small

oblique spines on either side of the inconspicuous beak
;

ears some-

what flattened; nearly rectangular; front -margin a broad curve
;

sur-

face of ventral valve rather evenly convex, highest near the middle,

casts showing a strong mesial septum; d(')rsal valve gently concave,

with distinct cardinal' eet . Surface ornamented with about too bi-

furcating, thread-like striae. Length 7 mm ;
width ii mm. Our speci-

mens rarely attain the size of the western ones, though often much
larger than the above measurements.

Found in the sandy rock above congl. I; also forty feet or more

below this horizon at Moot’s run. The spines of- this species are much
more slender and curved than in S. scitula.
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Chonetes scitula. Hall.

(Plate I, Fig. 4. )
No. 1397.

Shell small, semi-oval, hinge-line about equal to greatest width,

tumid along the medial line. Ventral valve, moderately convex along

a line from the beak to the front margin, about one-third the entire

width, thus elevated near the front, lateral margins depressed; beak

slightly prominent, hinge-line somewhat angled, armed at either ex-

tremity with at least two spines. Surface marked by fine but rather

prominent, distant striae which do not bifurcate, sometimes somewhat

alternate. Width about 8 mm, height 5 mm. Dorsal valve nearly

plane. Near the base of the series at Moot’s run, probably 50-60 feet

below congl. I.

Our specimens agree even to details of hinge structure with

those of New York. The spines are strong and oblique.

Another form found near congl. II, or about 80 feet above the

present species, resembles this in form, but has more numerous bifur-

cating striae. This we compared with C. setigera, H., but though

closely agreeing otherwise, our species has oblique spines on the hinge.

Chonetes tumidiis, sp. n.

(Plate II, Fig. 21.)

Shell of medium size, closely resembling C. acutiradiata of the

Corniferous group of New York.

Ventral valve very convex (as much so as C. hemispherica of the

Upper Helderberg), hinge extended, with mucronate extremities,

straight, apparently with few oblique spines; body of the shell nearly

semi-circular, forming nearly a segment of a sphere, being suddenly

depressed to the flat ears, which are acutely triangular. Umbo some-

what prominent. Surface marked by numerous (50), regular, nearly

continuous, rounded striae, which rarely bifurcate. Exfoliated speci-

mens show numerous oval pores between the striae. Dorsal valve not

known. This very pretty species is found in the irregular calcareous

nodules at base of the section at Moot’s run and adds a significant

Devonian color to the facies. The resemblance to C. hemispherica is

close, but the outline is as in C. acutiradiata, H.

Width 12 mm, height 7 mm.
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Chonetes pulchella, Win.

(Plate III, Fig. 14.)

“Shell small, semi-circular
;
hinge almost equalling the greatest

width, rectangular at the extremeties, furnished with two or three stout

hollow spines on each side of the beak, one projecting from the hinge

extremity, and diverging at an angle of about 22° with the hinge-line

—the second half way to the beak and diverging at an angle of 45°,

each of these spines having a length equal to half the hinge line.

Ventral valve, exclusive of the flattened hinge angles, spherically con-

vex; internal median ridge extending to the middle of the valve.

Surface with about 54 feeble, rounded ribs, often nearly obsolete on

the hinge angles; these are crossed by numerous microscopic, concen-

tric striae; the grooves beneath the ribs are acute and bear a few spin-

ous projections near the shell margin. Dorsal valve nearly flat, gen-

erally a little concave near the margin, marked, like its fellow, with

radiating lines, and often a few concentric folds. Area very narrow,

equally excavated in both valves.”

Our specimens are 7 mm. wide and about 5 mm. long. Kindly

identified by Prof Winchell. Specimens believed to have come from

the free-stone of middle Waverly, Granville, O.

Heinipronites crenistria, Phil.

(Plates V, Fig. 14; III, 24; Plate VI, Fig. 8; Plate IX, Fig. 21.)

The great variability of the American members of Hemipronites

makes any attempt to restrict the limits of species very difficult—for

us, impossible. The figures indicate the extremes of the series abun-

dant in the middle Waverly.

This widely distributed species occurs in all the strata containing

numerous fossils. The largest specimens seen come from the same

horizon as Spirifer marionensis, probably 60 feet below congl. I, though

these are less than half the size of the largest figured by Davidson.

(Sup. plate XXXVI.) These are very transverse and the striae are

very fine and frequently irregular. The ventral valve is only moder-

ately convex. (Dorsal valve 58 mm. wide, 30 mm. high) about 13

striae in 5 mm., (near the margin.) In the shale below congl. I, sped-
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mens much less transverse and with distinctly alternate striae occur.

In the free-stone this form occurs with var. cylindrica (= var. robusta,

Hall), which latter, or a still more Orthis-like variety, occurs in

congl. II.

Orthis Vanuxemi, Hall, var. pulchellus, var. n.

(Plate V, Fig. 9.) No. 1396.

This beautiful little Orthis occurs in large numbers in a zone near

the top or above the top of the quarry rock in Granville, and seems

to pass into forms resembling those generally identified with O. mi-

chelina. Without discussing the probable relationships of the two forms-

we may simply notice the close resemblance of our specimens to those

described by Prof. Hall, from ‘‘calcareous shales of the age of the

Hamilton group” in several localities in Illinois, Mis^uri, Iowa, and

New York.

Shell nearly circular or sub-quadrate in outline, depressed, ven-

tral valve generally longer than wide, most convex one-fifth from the

beak, flattened, but not sinuous below. Hinge line short
;
beak rather

prominent, proLuding, acute; ears depressed, rounded. Surface cov-

ered with numerous small, tubular striae which increase by bifurcation

or more rarely implantation, sometimes by division into three, striae

with perforations or oval punctures; surface also marked by concentric

striae and more distant imbricating lines especially near the front mar-

gins
;
about three stria in the space of one millimeter. Foramen with

cardinal process; interior of valve with large vascular impression, and

mesial process. Dorsal valve nearly circular, convexity above the

middle, cast with a broad mesial sulcus from the beak to near the mid-

dle. Length of ventral valve 15 mm; width mm.

Orthis michelina, var. burlingtonensis, H-, is hardly at all differ-

ent. In it the perforations upon the striae are represented as elongate

rather than circular, in which point our specimens agree.

More typical specimens of O. michelina also occur in the free-

stone.
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Rliynconella contracta, H.

(Plate X, Fig. 9.)

We are quite unable to distinguish any differences between a

small species with very acute plicae and that described by Prof. Hall,

from the Chemung. Prof. Hall himself made the same identification

in 1867, and as the name was applied in 1843, ranks any other name
in vogue for the same shell. The range of individual variation is as

great as in that quoted. 'I'he species is rare in the free stone of mid-

dle Waverly.

In a genus as conservative as this one a greater vertical range of

species is to be expected thin in many orher groups.

Rhynchonella sioboimeata, H. ?

(Plate VH, Fig. 23.)

A ‘small species from just above conglomerate I. has nearly the

form of the species quoted. The sandy matrix makes a careful study

impossible. Our specimen is smaller and less broad than Hall’s types,

but it is not easy to point out specific distinctions, the static character

of the genus makes the continuance of a species during the interval

between the horizon in question and that of the Warsaw possible.

(

Rhynchonella sa^erinna, Win.

(Perhaps a variety of R. sappho, H
)

Shell rather gibbous, thickness equal to more than one-third the

width, transversely extended; ventral valve broadly oval to slightly

pentagonal, with a pointed incurved beak; mesial sinus rather dis-

tinct, narrower than one-third the width, extending less than half way
to the beak, with three to four strong plicae ; lateral surfaces convex,

with five or six plicae on either side, which father rounded above; lat-

eral margins nearly straight, meeting the beak at an angle of about

110°; length of lateral margins greater than half the length of the

valves, intersecting the evenly-curved ventral margin at a point in
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front of the middle
;
concentric striae or folds appear near the front;

hinge plates sub-parallel, over one-seventh the length of the valves.

Length to width about as seven to eight. Width 24 mm, height 20

mm; (21-17; 18-17; 21-18; 18-1 5 ;
23-20.

)

Dorsal valve more nearly quadrate or sub-circular ; beak short

and incurved
;
casts showing a strong median plate within

;
antero-lat-

eral outline semi-circular, postero lateral angle very obtuse, mesial fold

inconspicuous, with four or five plicae, lateral areas with four to six

plicae. Length to width as 4-5.

The specimens vary in many respects, but in no specimens were

the mesial plic^ more than four or fi ve, there being three in the sinus

and four on the fold in normal adults. Two varieties exist side by

side, differing only in the number of j)licae.

The second agrees very closely with R. s ippho in some of its va-

rieties.

This species belongs in the sandy layers or flags about 40 feet

below congl, I, where it is abundant. The Granville specimens are

said by Prof. Winchell to be typical. This is No. 1313, of our Mu-

seum Register and has now for the first time been described in full.

Our own belief is that all of the closely allied forms belonging in this

section of the genus are conditions of a single species—R. sappho.

Rhynchonellcb sappho, Hall.

(Plate V, Fig. i; Plate VII, Fig. 25.)

Of large size, agreeing in outline with R. sageria?ia, but with more

numerous plicre, there being generally five in the sinus and six on

either side. It is possible to duplicate the Hamilton forms exactly

from our collection.

Found in the free-stone of middle Waverly, and also in free-stones

from a horizon 60 feet above congl. II, that is in the upper Waverly.

Some of the varieties of this type resemble R. cooperensis, per-

fectly.

Rhyackonella inarshallensis, Win.

This species is recognized by the ventricose, flattened dorsal valve
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with numerous (20-28) rounded plicae, broad fold with six or seven

plicae, and the sudden fiexture of the front and lateral margins. The

species ranges through the middle Waverly.

Several other species could be recognized, but it is feared that a

larger collection would obliterate the distinctions assumed.

Atrypa reticularis, ? ?

(Plate III, Fig. 1 1.

)

Small specimens resembling this species have been obtained from

the upper free-stone, lower part of division III. The identification is

doubtful, though undoubted specimens said to have been derived from

the Waverly are in the museum of Ohio Slate University.

Genus Syringothyris, Winchell.

{Syringothyris cuspidatus, Martin.

(Plate I, Fig. 7, (?) ;
Plate II, Fig. 17 ;

Plate V, Figs. 4-7.)

Af^omifes cuspidatus, Martin, 1796.

Spinfer cuspidatus, Sowerby, 1809.

Davidson, 1857.

Cyrtia simplex, McCoy, 1884.

Cyrtia cuspidata, McCoy, 1855.

7 Spirife7^ capax, Hall, 1858.

Spiidfer caideri. Hall, 1857.

Syringothyris typa, Winchell, 1863.

Spirifer textus. Hall, 1857.

Spirifer hannibalensis. Swallow. (?)

It seems to me after a careful collation of the descriptions above

quoted and the comparison of several hundred specimens that a due

conservatism will unite all the supposed species and identify them, as

positively done by Davidson and Dekoninck, the most careful Euro-
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pean authors, with S. ciispidatus. The wide range of variation and

distribution make this an exceedingly valuable species for approxi-

mately synchronizing widely distant horizons, for its vertical range is

not extraordinary. The subjoined table of measurements and data

will serve our present purpose in connection with the figures. In the

view here indicated Prof. Winchell does not concur, as may be gath-

ered from the extract from a private letter of Jan. 9th, 1888, from

which I take the liberty to quote.

“ I have heretofore identified with this species some specimens

from Newark, Ohio, embracing both ventral and dorsal valves. I re-

ceived some time since, from Prof. Hicks, specimens from Granville,

labeled N. Carter!^ among which is a ventral valve resembling forms

identified by me with Syringothvris typus

;

but his dorsal valves differ

from those of S. typus in having the hinge extremities prolonged and

pointed; in more rigid costae and lack of situation in the middle of the

anterior margin. They also lack the deep concentric wrinkles of the

dorsal valve of S. typus. I hence separate these dorsal valves from

Granville from S. typus

^

and leave them to represent S. Carteri^'

Fig. 17, of Plate II, serves to illustrate the usual form of the

smaller and more finely striate form called S. carteri, though these

often have acuminate angles d'he difference between such forms and

those figured 4-6 Plate V, is completely bridged, nor does it seem

possible to exclude the extreme variety drawn in Fig. 7, Plate I.

The species reaches its maximum in the congl. II, but is charac-

teristic of our middle division, beyond which it extends somewhat

both above and below.

Spirifers of the S. inarionensis group.

This is the most perplexing subdivision of the genus. Four nom-

inal species- contend for admission and present characters so concor-

dant as almost to baffle discrimination. These species are N. striati-

formis. Meek, S. cenU^onata, Win., N. biplkatu-s, Hall, and S. marion-

ensis, Shumard. All of these have been at some time identified in

Ohio. S. striatiformis alone presents such peculiarities as make it

easily identified when perfectly preserved. The S. biplicatus described

by Meek in the Ohio Palaeontology is stated by Winchell to be his S.

centronata, thus eliminating a second from the set. The following
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tabular arrangement based ^on the original descriptions will afford the

basis for comparison. The following order being preserved:

I. S. striatiformis, 2. S. centronata, 3. S. marionensis, 4. S.

biplicatus.

Species.

Hinge.

Lateral

extremities.

Ventral

beak.

Ventral

area.

d

a
r

0
Ventral

sinus.

Dorsal

fold.

Pointed, Mod’rate,
1 Shorter. Rectangular curved. arched. Wide Narrow, deep Narrow, low.

3
longer. acute.

4 “ “
! Narrow

.

Wide “

X
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s ‘x lU X C cc
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c
0

Q C (P P
0 <v

0 ?
J S 5 is >

is 'B 3

Numerous, small,
round, bif rc’ting

fi cc w

1 8 8 .5(1 Minute striae
2 — 3—5 36—4(1
3 — 3—4 50
4 (j 30

Between S. marionensis and S. centronata it is very hard to dis-

cover any point of dissimilarity. In fact we cannot distinguish speci-

mens from the Cuyahoga shale, the locality of S. centronata, from

specimens of S. marionensis from near the middle of the lower divis-

ion of the Waverly in Licking Co. S. striatiformis is restricted to the

upper portion.

Spirifer marionensis, Shumard.

(Plite VI, Figs. 3-4 ;
Plate VII, Fig. 1 1 ;

Plate IX. Fig. i ?)

Cf. S. ce7itronata. Win.

Our figures give a good idea of the range of variation exhibited,

though in the smaller shells the mucronate extension of the hinge is

more marked. On the largest shells there are rarely more than four

plicae on the fold or sinus and the lateral margins are usually quite

oblique. This species has been found in the shale near the east end

of the bridge crossing Moot’s run, four miles west of Granville, and

the layer of nodules one mile west. The horizon being supposed to
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lie at least sixty feet below congl. 1 . Shell nearly semi-circular
;
mod-

erately convex; length 4-3-2 tim:^s the height; valves of nearly

equal convexity. Hinge-line considerably extended with acute ears,

which are sometimes mucronate. Ventral valve convex with a rather

prominent beak and strongly curved striated area; greatest convexity

near the beak
;
lateral portions depressed

;
sinus narrow, but rather

deep; surface marked by 40 rounded plicae which are dichotomous,

and of which about four occupy the sinus, which is triangular m sec-

tion, especially near the beak. Area moderately narrow and strongly

inclined, with a broad triangular area which is striate. Dorsal valve

only moderately convex, laterally depressed, most convex above the

middle, fold very inconspicuous, scarcely elevated, with two pairs of

plicae produced by bifurcation of the two primary ones. Dichotomy

of striae of both valves very irregular. Surface concentrically striate,

sometimes with concentric folds also. Found in the lowest horizon of

Licking Co. Its range being 20 feet, so far as observed.

This species was first described from the so-called Chemung of

Missouri. Later, Prof. Hall, in his Iowa Report describes specimen

from rocks of the Hamilton age, while Prof. Winchell noted its occur-

rence in Waverly strata, at Sciotoville, O.

The casts show peculiar internal structures which may be of

assistance in destinguishing the species.

Spirifer striatiformis, Meek.

(Plate III, Fig. 26; Plate VI, Figs. 6-7.)

Undoubted and typical specimens are found in our upper Waver-

ly, well toward the summit of the series. The illustrations in the third

volume of the Ohio Palaeontology convey a good idea of this shell.

Isolated dorsal valves, however, resemble the shell called in Ohio, S.

carteri, and are sometimes so-called. Eight to twelve plicae occupy

the mesial fold. The fine radiating striae, when preserved, are good

specific marks.

Shell of medium size
;
semi-oval in outline, only moderately con-

vex mesially, rather flat toward the sides; hinge-line equal to greatest

width or sometimes less, often slightly mucronate
;
lateral margins

generally making with the hinge-line about a right angle. Ventral

valve much more convex than the dorsal
;
beak strongly incurved

;
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cardinal area arched, striate parallel to the hinge line, foramen ^ to

1-5 as wide as the hinge
;
mesial sinus rather narrow and ill-defined,

triangular in section, continuing to the beak
;
interior with short, di-

verging dental lamellae and small rostral cavity. Dorsal valve quite

flat, except the rather low, ill-defined, triangular fold
;
beak projecting

beyond the hinge-line; area narrow, striate at right angles to hinge-tine.

Surface of both valves covered by numerous small, low, rounded cos-

tae, which bifurcate somewhat irregularly and are marked by numer-

ous radiating striae and, less obviously, by concentric stride as well as

the usual lines of growth. (The cancellated appearance spoken of

by Meek is rarely observed, while the radiating striations are quite

noticeable. Sixty-five to seventy-five costae are found on a valve of

medium size, from eight to fifteen occupying fold and sinus. The

typical form is found near the summit of the Waverly, about 100 feet

above congl. II, with Productus seniireticulatus. This layer occurs at

at the very top of the exposure at Rushville and cannot be far below

the Chester limestone.

In conglomerate I, are found specimens apparently intermediate

between the previous species and S. striatiformis, but more convex than

either. In the free stone still above is another variety which is with

less doubt referred to S. striatiformis. Specimens are figured on Plate

VI, Figs. 6, 7. These have a broader sinus and more nearly quadrate

form, though short mucronate ears are retained.

If S. centronata is a valid name for the form from Cuyahoga shales

the relation between that species and S. marionensis must be left for

future study. The close relation of all these to S. disjuncta of the Che-

mung is noteworthy.

Spirifer hiplicatus, Hall.

Not Spirifer biplicatus, Meek, O. Pal. Vol II.

But a single dorsal valve has been encountered with the characters

of S. biplicatus, indeed, we suspected the validity of the species. It

may be confessed that a wider range of observation may invalidate the

assumed distinctions. This dorsal valve differs from those of S. stri-

atiformis, with which it is associated, in the greater distinctness of the

plicae, and the depressions bordering the median fold, and by the fact

that the plicae on the fold are so much smaller than those of the rest
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of the surface. 1"he surface is also more convex. There are about

28 plise, four being on the fold and those of the general surface are

simple, while those of the fold dichotomize. This species is smaller

than S. striatiformis. Division III, near Newark. W. F. Cooper,

collector.

Spirit6T ivitichelli, sp. n.

(Plate V, Fig. 2-3; Plate II, Fig. t6.)

Mcst nearly resembling S. mesacostalis. Shell transversely elon-

gate, gibbous; width from two to three times the height. Ventral

valve quite convex mesially, strongly and evenly arched from the

closely incurved and projecting beaks to the lower margin. The area

is very narrow; hinge-line usually strongly produced, lateral angles

mucronate; surface marked by about 15 rounded plicae on either side

of the deep triangular sinus. (In one case a trace of slight fold in

the bottom of the sinus was discovered, but, as all our specimens are

casts, these might not usually be preserved if present. Dorsal valve

less gibbous
;
area very narrow, beak minute; surface most convex

near the middle
;
fold high, strongly defined, narrow, marked in the

center by a deep groove. Surface ornamented by lamellose concentric

lines. The close relationship with S. mesacostalis of the Chemung
require, no comment. If the strata were adjacent the two would hard-

ly be separated. A considerable number of closely agreeing speci-

mens were found in conglomerate II, at Granville. Named in honor

of the distinguished state geologist of Michigan.

Spirifer sp (Cf. N. raricosta, Con.)

f Plate I, Fig. 5 .

)

A small species of Spirifer, resembling Spiriferina somewhat, or

more nearly the species quoted above, is represented by the single

fragment from an unascertained portion of the Waverly. As the spe-

cies in question belongs to the corniferous horizon and ours has a

greater number of plic^, it is improbable that they should proue iden-

tical.
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Spirifer? hirtus, M. andw?

(Plate III, Fig. 2.

)

A single dorsal valve may represent this species. A similar form

from the Cuyahoga shale has been referred by collectors to S. setigera,

H. The existence of such an Athyris-like form is of interest even though

some doubt must prevail as to the specific relations. To the student

of evolution the series beginning with the Devonian and including S.

jimbriata^ S. proematiira, S. pseiLdolineatiis, S. setigera^ S. lineata, etc.

should be interesting.

Cyrtina, sp.

(Plate VIII, Fig. 18.)

A small species is known from a ventral valve found in calcareous

nodules at the base of the Licking Co. section at Moot’s run, four and

one-half miles west of Granville Height 4 mm ;
width 5 mm ;

con-

vexity 2 mm
;
beak slightly incurved

;
sinus narrow, rather deep :

about seven plicae on either side. Our form is less elevated than C.

acutirostris, Shumard, resembling S. hamiltonensis, but with a nar-

rower sinus.

Spiriferina solidirostris, White.

(Plate II, Figs. 9-1
1 ;

Plate V, Fig. 13.

)

This pretty little shell is common in a layer of free-stone several

feet above congl. II, at Newark. All specimens so far collected are

very small and are characterized by the high incurved beak of the

ventral valve and the regular concentric striae, which in well preserved

specimens cross the few plications. The dorsal valve is rather flat,

with a small beak and 7-9 rather large folds separated by deep, but

not wide grooves. The median fold is flattened or even channeled

above.

Spiriferina depressa, sp. n. (?)

(Plate TO, Fig. 3.)

Shell of large size, valves nearly equally convex, transverse, the

hinge-line equal to the greatest width.

Ventral valve wider than high, rnoderately convex, beak incurved.
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not greatly elevated beyond plane of hinge, the extremities of which

are met by the lateral outline at about a right angle. Surface marked

by about twelve (8-12) sub-equal rather distant plicae and concentric,

irregular ridges, mesial sinus not so well defined and enlarged as usual.

Dorsal valve of the same general form, but somewhat less convex and

with less prominent beak; median fold, moderate and somewhat flat-

tened, with about five plicae on either side.

This species is known from a single gathering, but a considerable

number of specimens of quite constant characters. It differs from the

preceding not only in greater size, but in the much less convexity and

projection of the beak and in the more transverse and square-shoul-

dered form.

Height II mm
;
length 17 mm.

Small specimens have fewer plicae, but otherwise are similar.

From one mile north of “ Dug-way,” apparently below congl. II.

Genus Terebratula.

Subgenera Cryptonella and Centronella.

The distinctions which separate the genera Cryptonella and Cen-

tronella from Terebratula are of such a character as can readily be re-

ferred to slight modifications of the structures characteristic of the last

named genus. It seems expedient, especially in view of the admitted

impossibility of distinguishing these groups without a knowledge of

the internal structures, to regard them as subgenera of the large and

characteristic genus d'erebratula.

Cryptonella eudora, H.

(Plate V, Fig. 10.)

“Shell broadly ovate, rounded in front, apex obtuse. Ventral

valve gibbous in the central and upper part, moderately convex in the

lower part, and sometimes flattened toward the front
;
tapering abrupt-

ly to the beak, which is obtuse, little extended beyond the opposite

valve, slightly incurved, and truncated by a rounded foramen. Dor-

sal valve depressed-convex, often gibbous in the middle above
;
beak
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incurved into the cavity below the deltidial plites. Surface concen-

trically striate with crowded larnelliform ridges toward the sides and

front.”

Length of our largest specimens nearly 30 mm, width 27 mm.
Varying greatly in form and size. The casts figured on Plate V give

a good idea of the vascular markings.

Freestone of middle Waverly. Typical specimens are from the

Chemung of New York.

Centronella julia, Win.

(Plate II, Fig. 5.)

Shell small, lenticular, ovate or somewhat transverse in outline
;

valve moderately convex, its beak covered by the higher, incurved

beak of the more convex ventral valve
;
area absent. Surface marked

by concentric lines of growth and radiating lines (impressed from the

interior upon the cast?) Internal characters of the genus.

Many specimens of this species may be found in the freestone

overlying shales above congl. II, at Newark and eastward. It agrees

in external feature perfectly with Prof. Hall’s figures of this species.

Other forms are ifiustrated in figures 4 and 8 of Plate II, and may be

refered to this genus. As, however, we know nothing of the essen-

tial characters we may forbear burdening synonomy with meaningless

names.

Athyris ohioensis, Wm.

(Plate II, Fig. i.)
^

Some doubt attends the identification, on account of the condition

of our specimens, but Prof. Winchell was good enough to compare

our casts with the types and considers the identification as a proba-

ble one.

Athyj'is lamellosa, Level l. i

(Plate II, Fig. 7.)

The specimens figured are from the layer below congl. I, and we
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V

are at a loss for any sufficient distinctions between our form and the

species quoted. A large species of Athyris is also found in the no-

dules at Moot’s run, which apparently differs from the one quoted.

The resemblance between the Devonian and carboniferous members

of this genus is too close to make a separation easy at present.

The small species Figs. 19, 34, Plate VII, may be an Athyris or

an Amphigenia resembling A. elongata. Congl. I. The affinities of

Fig. 21 of the same plate are still more obsure.

Aviculopecten perelon^atiis, sp. n.

Left valve extremely elongate, narrow and quite convex along

the longitudinal axis. Height to length of body as to i. Body

acutely narrowed toward the curved beak, the sides forming an angle

of less than sixty degrees. Posterior wing small, triangular, rather

acute. Surface marked by very numerous crowded, hair-like, sharp

striae, which bifurcate and increase by intusuception irregularly, also

by concentric folds, which are more distinct toward the sides. The

wings have less numerous radiating striae. The convexity of the valve

is greatest near the middle and forms almost a fold along the longitu-

dinal axis, sloping regularly to either margin. The umbonal slopes

are both concave and rather abrupt.

Such a brief description of a single imperfect valve would not

have been offered except that the form is so unlike that of any known
species as to make it unmistakable. ' Perhaps A. dissimilis FI., as iden-

tified by ToLila, from Spitzenbergen, approaches it most nearly in out-

line, though our species is much more elongated. It does not appear

possible that the peculiarities can be to any extent due to distortion.

Length 24 mm, width 15 mm, posterior ear mm. Number of striae

in one mm, 3 at the lower margin.

Freestone of middle W.iverly.

Aviciilopecten {graiivillensis, n.)

(Plate X, Figs. 8; Plate XII, Fig. ii.)

Cf. Aviciilopecten amplus and A. crenistriatus.

An imperfect left valve and fragments of a right valve suggest

very close relationship to A. amplus of the Keokuk of 111 .
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From this species our left valve differs in the form of the anteri-

or ear, which is less projecting. The posterior ear is broken, but evi-

dently is very slightly defined. The valve is quite flat and is marked

by distant, irregular and somewhat alternating striae. The surface

markings are poorly preserved in our cast.

A faint impression of the right valve of apparently the same spe-

cies closely resembles in ascertainable characters that of A. amplus.

It is quite flat and almost destitute of markings. The anterior ear is

evidently very distinct from the body and separated from it by a deep

bvssal sinus. The posterior ear is minute and ill-defined. Length of

left valve 77 mm; width 81 mm
;
hinge 53 mm.? Length of right

valve 48 mm. This species occurs in some hitherto unidentified hori-

zon evidently of the Freestone of middle or upper Waverly.

In this connection should be mentioned a large species known

only from a single fragment secured near the very top of the Waverly

(ten feet below coal-measure congl.) 8 miles east of Newark. This

fragment (Plate XII, Fig. 21) is nearly as large as the above but, if a

left valve, as seems probable, must be very dissimilar in outline. The

alternation and irregularity of the striae are even more pronounced

than in the above, but the striae are apparently higher and are crossed

by innumerable very fine concentric striae. In some respects this form

resembles A. crenistriatus.

Aviculopecten cooperi, sp. n.

(Plate XII, Figs. 16-17.)

A beautiful species, found too late for careful study, dilfers from

all others from the Ohio Waverly in its markings. Closely agreeing

with A. sub-cardiforrnis, Her., in outline, but much less convex.

Left valve somewhat longer than wide, posterior ear of moderate size,

not sharply set off from the body
;
surface of valve and ear covered

by very fine, rather uniform, but irregularly waved striae, crossing

shallow concentric folds; about 4 of the radiating striae occupy the

space of I mm
;
anterior ear not seen. A fragment of what seems to

be the right valve of the same species accompanies it. This valve is

less convex and is marked only by very fine concentric striae, except

upon the posterior wing, which has the form and markings of that of

the left valve
;
anterior wing long, acute, separated from the body by
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a deep byssal sinus and steep upibonal slope. Length of left valve

i6 mm; width 15 mm; length of hinge 10-12 mm.
Nodule layer, Moot’s run. Collection of W. F. Cooper.

Aviczdopeoten (Cf. oiueni, M. and w.)

fPlate III, Fig. 5.)

Shell small, subcircular, lower margin nearly equally curved to

points nearly half way to the beak, here suddenly flexed to meet the

lateral margins, the anterior one in the left valve being slightly con-

cave, the posterior a little convex; beak prominent; hinge line some-

what less than the width
;
anterior ear rather large, obtusely angled

;

posterior ear smaller and more acute and rather less sharply defined ;

surface quite convex, greatest convexity being about one-third from

the beak, ornamented by rather numerous bifurcating and implanted

striae, of which about fifty can be counted on the body of an average

shell. Length 10 mm; width 10 mm; length of hinge 8 mm. The

difficulty of comparing this species with A. oweni is increased by a

doubt as to which valve is figured by Meek and Worthen. The de-

scription states ‘‘right valve unknown,” while the figure is stated to

be that of the right valve. If it be a left valve and our own are like-

wise left valves, the relation of the ears is reversed. Our species is

smaller, but otherwise resembles the Illinois form. None of the spe-

cies quoted by Winchell as from the Waverly and its equivalents,

seem to be identical with this, though it may prove the young stage of

one of the common ones, perhaps A. winchelli. The horizon is the

same as in that species, the free-stone of middle Waverly.

Aviciilopecten ( Crenip&cten) newarhensis, Win. ?

(Plate III, Fig. 31.)

A single right valve may belong to this species as indicated by its

rather narrow form. As Winchell’s specimens were all left valves, the

identification can only be conjectural. Length 18 mm; width 15 mm.
Valve very flat, covered by irregularly alternate, rather filiform striae.

Umbonal slopes about 90° or less.
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Crenipecteji suh-cardiformis

,

sp. n

(Plate Vil, Figs. 4-5 )

Cf. Aviculopecien caroli, Winchell, 1863, pars. ?

[Wrongly quoted above as C. tumidus.]

We have been caused a great deal of perplexity by this species,

which occurs by scores in our collection. It is chiefly restricted to a

zone about 40 feet below congl. I, though it ranges upward to a hori-

zon just beneath it in comjiany with streblopteria media. Aviculopec-

ten caroli, Winchell, would not be considered in this connection were

it not (or the statement made by Prof. Winchell, in 1870, that it was

found at Granville, but that the specimens from that locality “ were

all right valves, and are much flatter than tvpical specimens of the

same valve.” On the whole it may be safer to regard our form as a

distinct species unless a comparison of types proves this not to be the

case. Shell of medium or small size, nearly circular, height and

length equal, with well-defined and depressed ears. Left valve very

ventricose, hinge slightly shorter than extreme length
;
lower margin

a nearly circular curve intersecting the auricular margin at about two-

fifths the distance from the hinge to the lower margin; anterior ear

rather large, greatly depressed below the adjacent portion of the body,

from which it is separated by a sudden deflection
;
posterior ear less

sharply defined, but nearly equally as large and not separated by a

well-defined sinus from the body, depressed ; beak high, but incurved

and acute, projecting slightly beyond the hinge
;
greatest convexity

near the union of the upper and middle thirds; surface marked by

from thirty to forty strong, very irregular, radiating costas, alternate

ones being generally smaller and originating by implantation or, more

rarely, bifurcation
;
these costae are crossed by fine, close, but irregu-

lar concentric striae, which do not cross the larger costae, and distant

undulations; the anterior ear bears about six costae, while the poste-

rior ear is nearly smooth, but exhibits more plainly the concentric

striae; rarely two small costae occupy the space between the larger ra-

diating ribs. The right valve is very flat and nearly without markings
;

the hinge is longer than or equal to the greatest length and the ears

are very large
;
and nearly equal

;
the anterior ear is set off by a deep

depression from the body and the valve is provided with a deep bys-
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sal sinus below the ear
;
the posterior ear is less sharply defined by the

umbonal ridge, but is lower than the plane of the body and its margin

passes into that of the valve by a moderate curve. Although both

ears are provided with well defined radial and concentric striae none

appear clearly in any of the specimens on the body of the valve.

The hinge of the left valve is crenulated as in A. winchelli, which die

right valve resembles. The very convex left valve and surface char-

acters serve to distinguish it from other species.

Height 14 mm ;
length 14 mm ;

length of hinge ii mm.

Creaipectevi senilis. -‘^P-
”•

(Plate III, Fig. i.
)

The limited number of aviculopectenidae found in the Waverly

induces me to propose a name for this species known only from the

left valve.

Shell of medium size, nearly circular or elliptical in outline;

rather flat. Felt valve slightly convex, with a moderately acute de-

pressed beak
;
anterior wing large, separated from the body by a mod-

erate umbonal ridge, its outline passing into that of the body by a

flowing sigmoid curve
;
posterior ear obsole.'^cent, fbtuse, entire pos-

terior outline a gently convex curve slightly straightened near the

hinge, ^surface marked by large, very irregular, convex, rounded

plicae which increase without regularity by subdivision into a small and

large plica or the plicae are proliferous without sensible diminution of

size of the primary one. The anterior ear is similarly plicate and,

like the body, is crossed by fine concentric striae, d'he plicae are sep-

arated only by a deep, narrow, angular groove. Length 29 mm,
width about the same; anterior ear 8 mm.

The single specimen seems to have been derived from the free-

stone. dTe peculiar markings serve to distinguish this from the other

known forms. It bears a close resemblance in outline to Streblopteria

media.

Avicnlopecten {Lyrio})ecten?) cancellatus, sp. n.

(Plate XII, Fig. 7.)

Shell small, suborbicular
;
length and height equal; lower and -
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lateral margins uniformly rounded. Right (?) valve moderately con-

vex, hinge four-fifths the greatest length; beak nearly central; ante-

rior wing small, ill-defined
;
posterior wing larger, separated from the

body by an oblique plane surface, rather flat
;
no indications of a bys-

sal sinus. Surface finely cancellated by uniform, high, regular radi-

ating and concentric ridges, the latter sub-imbricating. There is little

to determine which valve our single specimen represents, it may quite

possibly prove to be a left valve. There is some resemblance to small

specimens of L. orbiculatus. The most that can be said is that our

shell possesses a decidedly Devonian aspect. Nodule layer at Moot’s

run.

Linatulina {?) ohioensis, sp. n.

(Plate II, Fig. 20; Plate III, Fig. lo.)

Shell of moderate size, obliquely and rather narrowly oval
;
height

over one-fifth greater than length; hinge line very short
;
surface with

distant, irregular furrows. Left valve moderately convex near the

beak, elsewhere quite flat, with hinge line equal to about one-half the

greatest length
;
valve not very oblique, umbonal ridges meeting at the

beak at less than a right angle, beak somewhat acute; anterior ear

well-defined, but small, rounded and separated from the body of the

valve by an abrupt descent, its margin concavely sinuated below
;
pos-

terior ear very small and obtuse. The posterior margin makes a broad

curve which is straightened above, but curves more* rapidly in passing

into the very convex front outline, d'he valve is marked by about 20

distant and very irregular narrow and deep radiating striae and folds.

Right valve very oblique and short, hinge line relatively longer, pos-

terior margin straight, making an angle with the hinge of about 130°;

posterior angle produced
;
anterior ear small, convex, projecting, sep-

arated from the valve by a profound acute byssal sinus; marked by

about four or five distinct costae
;
markings of the body as in the left

valve. Evidently the shell was quite inequivalve. ,

Height of perfect left valve 20 (23) mm; lenght 15 (18) mm
;

hinge 9 (8) mm; height of right valve 12 mm; lenght 10 mm (?);

hinge 8 mm.
A number of specimens have been secured only one of which,

unfortunately, was a right valve. The shell is so thin as to make it
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peculiarly liable to distortion. The species is normally somewhat

longer than that drawn on Plate III. Though the hinge was not seen,

this species seems allied to Limatulina than any other genus of the fam-

ily. Confined to the strata above congl. II, chiefly near the very top

of the Waverly as exposed in the county.

Stretlopterici media, sp. n.

(Plate III, Figs. 8-9.)

(Cf. L. similis, Walcott.)

Closely allied to S. similis, Walcott, of medium size, rather broad-

ly ovate, not oblique, moderately convex near the beaks.

Left valve most convex, anterior ear broadly rounded, depressed,

separated from the body of the body of shell by an abrupt inclination,

sinus moderately concave, remainder of the margin a rather regular

convex curve approaching a straight line near the point of union with

the hinge, which is short, and not forming a well-defined posterior ear;

beak acute, somewhat projecting; greatest convexity a short distance

from the beak; surface marked by rather distant and coarse, but in-

conspicuous radiating striae, or apparently smooth. The right valves

differ little in form, but the byssal sinus is very sharp and deep and

the anterior ear is long and rather prominent and separated from the

body of the shell by a deep groove. The posterior ear is obsolete.

The surface is nearly smooth, except the anterior ear which is very

strongly marked by radiating strias.

-From S. similis this species differs in being relatively broader, es-

pecially in the left valves, and lacking the fine striations seen in small

specimens of that species. It resembles very closely indeed, Oenipec-

icn foerstii of the coal-measures, but differs from it in the proportions

of the ears and does not seem to possess the crenulated hinge. The

only other American species with which comparison is necessary is S.

tenuilineatus, from the coal-measures of the West.

Height of a right valve 16 mm; greatest length 16.8 mm
;
length

of anterior ear 7 mm; distance from hinge line produced to anterior

angle of shell below byssal sinus 5 mm. Height of a left valve 19

mm; length 19 mm; length of anterior ear 6 mm; greatest length at

about 10 mm. from beak. Numerous closely agreeing specimens from



OE DENISON UNIVERSITY. 57

the layer a few feet below congl. L The species is also found forty

feet below congl. I, at Union Station, in large, finely preserved speci-

mens, a left valve measuring in length, 25 mm, in width 23.5 mm.

Strehlopteria squama, sp. n.

(Plate VII, Fig. 14.

)

Smaller or medium size, with extended hinge-line and ovate out-

line. Left valve quadrately ovate
;
length and height about equal

;

hinge about three- fourths the length
;
anterior outline nearly straight,

slightly convex below and concave at the ear
;
posterior outline gently

and uniformly convex
;
.anterior wing largest, nearly rectangular, not

very distinctly separated from the body; moderate posterior ear ob-

tusely angular, passing without interruption into the general surface of

the body
;
surface slightly convex, ornamented only by fine, crowded

imbricating lines, epidermis very thin. Shales below congl. I.

This species is considerably smaller than the average specimens

of S. media and is more broadly ovate, with a longer hinge-line. No
traces of radiating striae could be seen.

Strehlopteria gracilis, sp. n.

(^Plate VII, Fig. 12.)

Shell of medium size, elongate, with very short hinge.

Left valve narrowly elliptical, length four-fifths the height, hinge

less than half the length
;

posterior margin a uniform slight curve to

the almost obsolete ear ; anterior margin very abruptly flexed at the

umbonal slope to the short, obtusely triangular ear; surface convex,

ornamented by concentric and obscure radiating lines. Free-stone of

middle Waverly (?) This species resembles the larger form of S. media,

but is at once distinguished by its narrower form and short hinge-line.

Pernopecten shumardianus

,

Win. ? ?

(Plate XII, Figs. 13-^.)

A considerable number of nearly perfect valves are represented
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in our collections from the nodule layer at Moods run. Our largest

specimen agrees in all preserved characters with the species quoted

doubtfully as P. shumardianus The opposite valve is more nearly

flat and was poorly preserved. The great vertical.range of this group

as well as the perplexing relations of the genera Pernopecten and En-

tolium make it difhcult to base conclusions upon their distribution.

Compare Bulletin Denison University, Vol. II, p. 23.

Pterinopecten cariniferus, sp. n.

(Plate XII, Figs. 8-9, 42.)

\

Shell small, sub-rhomboidal, slightly oblique; greatest length (of

body) below or at about the middle of the valve
;
length from one

and oneTourth to one and one-fifth the lieight; lower margin nearly

even elliptical curve, becoming rather rapidly flexed behind till its di-

rection makes a little more than a right angle with the hinge, which it

meets by a gentle outward curve
;
anterior margin abruptly curved

above the middle, forming an angle of about 45° with the hinge, to

the deep byssal sinus. Right valve slightly convex
;
hinge-line straight

longer than the body, acute at both extremities
;
beaks low, situated

at about the anterior one-third
;
posterior ear or wing large, triangu-

lar, depressed, but not distinctly outlined from the valve, anterior ear

acute, produced. Left valve more convex
;
beak slightly projecting

;

surface marked by regular distant radiating fibs and distant concentric

folds, producing a pretty cancellation. The radiating markings of the

right valve are less conspicuous.

This species has a distinct Devonian habit. Nodules in shale at

Moot’s run, 4j^ miles west of Granville.

The right valve is very like some states of Pterinopecten vertum-

nis. The resemblance is close to Pt. exfoliatus, but the ear is too

small in that species.

Pteronites {Leptodssma) ? ohliquus, sp. n.

.

(Plate VII, Fig. 7; Plate IV, Figs. 20.)

I

A very oblique species occuring in the free-stone of the middle

Waverly may be recognized by its great obliquity and convexity. The
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anterior projection is apparently acute, the lower margin forming an

angle of 3o°-4o° with the hinge. The posterior wing is imperfect,

but was probably slightly produced. Fig. 20 of Plate IV, is certainly

wrongly restored, being, without doubt, the same species as the one

first referred to. The relation to certain Chemung species, especially

Pt. inoptatus, is very close.

Leptodesina (?) scutella, sp. n.

(Plate IV, Fig. 16.)

A number of specimens of a little shell at first referred to Pteron-

ites indicate a species belonging to section umbonata, but apparently

distinct from any Chemung species. Sub-rhomboidal or nearly semi-

ovate, anterior wing short, acute; body inclined about 50° to the

hinge line, which it about equals
;
posterior margin concave, upper

angle produced, beak sub-anterior; surface gently convex, except the

posterior wing, marked by equidistant lines of growth. With the

above.

Posiclonomya (Strehlopteria) fra^ilis, ”•

(Plate VI, Fig. i.)

The specinaens on which this species is founded differ from all

Waverly species and all others known to me. The species may be

compared with P. laterugata, but is less abate and has much more prom-

inent beaks.

The wings are almost too prominent for a member of the genus

quoted and the presence of indistinct radiating striae passing over the

coarse plications adds to the incongruity.

The right valve is broadly oval or nearly circular, with the poste-

rior ear considerably produced, anterior oue less distinct and shorter,

margin below the ears a reniform broad curve resembling a circle
;

surface of the valve rather flat, but somewhat suddenly elevated near

the beak, which is acute and slightly projecting beyond the hinge
;

hinge line straight, rather short
;
surface marked by distant irregular

folds and indistinct, fine, minute radiating striae. Height 29 mm
;
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greatest length 31 mm. Found at Moot’s run, four miles west of Gran-

ville, in nodules at the very bottom.

Proinacra (?) trimcatus. sp. n.

(Plate III, Fig. 30.

)

Without absolute certainty that this species can be properly re-

ferred to Promacra, it remains certain that a very peculiar species ex-

ists with a general resemblance externally to the assemblage so desig-

nated. Our specimen is incomplete and doubtless distorted, though

the peculiarities thought to be due to pressure may be inherent. Shell

elongate, produced anteriorly; beaks in front of or near the middle
;

strongly convex (in our specimen the transverse section is broadly cor-

date.) Dorsal margin in front of the beak straight; hinge extending

a short distance behind the beak
;
posterior margin very oblique, meet-

ing the nearly straight ventral margin at a very acute angle, at or near

the lowest part of the shell
;
(anterior extremity not seen); post um-

bonal ridge very strong, acute
;
plane of the post umbonal slope at

right angles to the sides of the shell, plane or somewhat concave, giv-

ing the shell a curious truncate appearance
;
surface marked by strong

irregular furrows and striae, which in passing over the post umbonal

ridge make a very acute angle
;
beaks incurved to the plane of hinge;

shell gaping widely behind, apparently closed or nearly so anteriorly.

Allowing for all probable distortion the shell seems distinct from all

others. It could not have been so extended anteriorly as P. andrewsi,

nor as strongly marked as P. nasutus, though some indications of the

radiating striae of that species, which ours most resembles, can be

seen.

The three known species are all from the same relative horizon.

P. 77iissouriensis, from the sub-carboniferous rocks of Missouri, P.

Ttasutus, from Choteau limestone of the same state, and also in Bel-

gium, while P. andrewsi was found by Meek, in the Waverly group

of Ohio.

Leiopteria ortoni, sp. n.

(Plate VII, Fig. I.)

Shell of medium size, triangularly ovate to subrhomboidal
;
body
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obliquely ovate, length considerably exceeding the height
;
post basal

side considerably extended
;
ear straight, almost acute, anterior side

obliquely truncate; body making an angle of about 45°, with the

hinge line. Left valve shortest, most gibbous ; beak one fourth from

anterior, rather prominent, but not incurved, ear rather convex, with

a broad shallow byssal sinus, wing large flat, the posterior margin

meeting the hinge at an angle of about 90° or more, acute at the very

angle only. The hinge margin is greatly thichened. The difference

between the two valves is slight, the beak of the right being generally

in advance of the other, and the front margin is more uniformly curved.

Entire length of hinge linge 22 mm, height 14 mm, length from

beak to antero-ventral angle 19 mm. Surface marked by concentric

lines. This species somewhat resembles L. rafinesquii, H , but differs

in being more oblique and longer, with straighter and longer hinge and

less produced beak and straighter posterior margin. Leptodesma hec-

tor is somewhat more like our species, but exhibits an opposite extreme.

This species is characteristic of a zone several feet thick, about 40 feet

below conglomerate I, in connection with other fossils of a more or

less Devonian habit. This species may be compared with L. torreyi,

but is not so produced; it also resembles Leptodesma nereus. Compare
also L. naviforme.

Leiopteria Jialli, sp. n.

(Plates VII, Fig. 31, Cf. Fig. 32.)

\

Shell of moderate size; sub-rhomboidal
;
body narrowed above,

obliquely ovate; height greater than length at hinge; margin strongly

sinuous; ears rounded, somewhat depressed, short; wings broad, ex-

tended, acute
;
hinge-line straight. Valves nearly similar, left valve

rather more convex. Right valve moderately convex; body diverging

from hinge-line at an angle of about 45° ;
wing acute

;
posterior mar-

gin strongly concave, postero- ventral extremity rather sharply curved
;

anterior margin abruptly flexed near the middle, anterior to which it is

gently concave; ear rounded, depressed. Left valve with smaller

wing more convex, especially ventrally. Surface of both valves

marked by conspicuous concentric folds. Hinge with a decided

groove and thickened ridge. Beak of right valve high, but not pro-

jecting dorsally, that of the left valve extending beyond hinge-line.
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Length of right valve from beak to postero-ventral convexity 17

mm; hinge posterior to beak 13 mm, height 13 mm; greatest diame-

ter (from ear to postero-ventral angle) 19 mm. This species is inter-

mediate in characters between L. ortoni and Z. rafinesquii. Like the

latter the wing is acute and the posterior margin excavated, like the

former the body is very oblique. Top of freestone, Granville.

L. halli may be compared with Leptodesma clitus, H., but is not

so produced behind and rather less oblique, it is also less oblique than

L. lepidum. Perhaps the closest resemblance is with Leptodesma ly-

sander, but the wing is not so extended.

Leiopteria, sp.

A very small species of this genus was secured from the lower

shaly layers at Moot’s run, probably below the horizon of L. ortoni,

but which more nearly resembles L. halli in the acute wing and exca-

vated posterior margin. The species is known only from a single

right valve with a short, lobate, obtuse ear. The body is more oblique

and narrower than in either of the preceeding species.

Prof. Hall states that only two of the fifty-seven species of Lep-

todesma occur below the horizon of the Chemung, Leiopteria, on the

other hand, reaching its greatest development in the Hamilton.

Pterinopecten has many species below the Chemung, while Crenipec-

ten and Pteronites are unknown below. Glyptodesma is not known

above the Hamilton.

Leiopteria sp f

(Plate HI, Fig. 6 )

A fine large species is indicated by a fragment not exhibiting the

structure of the hinge and ears. The body is very flat, but the ante-

rior ear is well-defined by a strong ridge, the umbonal slopes make an

angle with each other of about 60°. The posterior lower angle is

produced. Surface marked by obscure folds and striae. Length

along post-umbonal ridge 27 mm, along anterior umbonal ridge 17

mm. The considerable obliquity and flatness of the body are the

obvious characters which are noted especially because the shell is

found in a higher horizon than those previously mentioned.
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Myalincb ii%ichi£ciJiensis

,

Win ?

(Cf. Af. swallovi.

)

(Plate IV, Fig. 6.)

The only difference between this species and M. swallovi of the

coal-measures is in the greater size of the protuberance under the beak,

but Meek says specifically: ^‘This species (M. swallovi) varies some-

what in the size of the protuberance under the beaks; in some indi-

viduals it is well developed, and gives the shell much the form of

Modiola; while in others it is smaller, so as to present more the ap-

pearance of a Mytilus.” Perhaps it may be sufificient to indicate the

probable genetic relations of these forms.

Modiola luaverliensis

,

sp. n.

(Plate I, Fig. 9 ;
Plate IV, Fig. ro; Plate VII, Fig. 29?)

(There has been no opportunity to consult the description of M.

metella, H. so the possibility of agreement with this Chemung fonrs

is not excluded.)

Nearly like M. nevadensis, WaL, but less elongate. Transverse-

ly elongate, narrowly and uniformly rounded anteriorly, lower outline

very gently curved, posterior end rather more broadly rounded than

the anterior, the outline above diverging rather strongly to a point be-

tween the middle and the posterior third, where it meets the nearly

straight hinge. Beak posterior, somewhat overhanging. Post umbo-

nal slope quite well marked near the convex urnbonal region, poste-

rior part of shell rather flat. Length somewhat greater than twice the

width.

A number of casts have been found in the freestone of the mid-

dle Waverly. Those specimens preserving the shell markings differ

slightly from the cast first referred to and have fine concentric striae.

These may indicate a distinct species, but probably the apparent dif-

ferences correspond toihe different states of preservation.
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Schizodus neivarhensis, sp. n.

(Plate X, Fig. 1 )

Shell large, obliquely ovate, produced. Beak prominent, not

projecting much beyond the hinge. Surface quite convex in the um-

bonal region, becoming flattened posteriorly. Lower margin a gentle

curve, very oblique to the axis, anterior margin strongly convex, posterior

margin a gentle curve meeting the lower line acutely. The [)OSt-umbonal

region expanded, flat
;
anterior umbonal slope rather abrupt. Beaks an-

terior; surface marked by fine regular striae. Our single specimen is

very remarkable for the strong curvature of the surface below, opposite

the beaks and flatness of the posterior ear. This may be due to oblique

pressure as the opposite valve is crushed and displaced. Notwith-

standing this the ovate form, large size and position serve to distin-

guish it. Length 62 mm; height 50 mm; convexity of both valves

about 23 mm. Collection of W. F. Cooper. Highest layers i mile

north of Newark.

Schizodus cheinun^ensis, var? aequalis,

(Plate I, Fig. 25.

)

Shell of rather large size, moderately convex
;
beaks projecting,

rather high; length slightly greather than the height
;
form subquad-

rate, produced at the lower posterior angle
;
lower mat gin nearly uni-

formly convex, with a slight sinus in front of the posterior angle; pos-

terior margin nearly straight and nearly parallel to the longitudinal

axis of the shell; anterior margin strongly curved; anterior umbonal

ridge rather inconspicuous, post-umbonal ridge prominent, in front of

it a rather deep groove extending from the sinus of the margin to-

ward the beak; post-umbonal slope rather steep, concave. Surface

marked by numerous fine concentric striae and coarser ridges. The

right valve is most convex in our specimens. Height 42 mm; length

48 mm
;

(height 38 mm ;
length 42 mm.)

Freestone of middle Waverly at Granville, and 6 miles northwest.

Collected by W. F. Cooper and C. L. Herrick.

We are convinced that the attempt to specifically discriminate the



OF DENISON UNIVERSITY. 65

Waverly from the Chemung form is futile. Hall states that the pres-

ent species differs from S. chemungensis, var. quadrangularis in that

the base is more broadly rounded and ihe anterior portion is more ex-

panded below, giving the shell a more equilateral appearance. This

is not appreciably so in our specimens, though considerable variation

is seen. The close relation between the Chemung and Waverly is

here obvious,

Plate IX, Fig. 20 represents a form still more like the Chemung
species.

Schizodus cuneus, H.

f Plate V, Fig. 15.

)

This little species is not rare in the freestone of middle Waverly,

and may be easily recognized by its triangular form and small size.

Schizodus inedU^nsis, Meek.

(Plate I, Fig. 16.

)

The figured specimen is imperfect, but characteristic specimens

are common in the freestone with the above.

Orthonota rectidorsalts

,

Whi,

(Plate X, Fig. 1.)

Shell of medium size, elongate, moderately convex. Hinge and

ventral margins nearly straight and nearly parallel
;
beak sub-terminal

;

anterior margin gradually curved to above one- half the height, then

abruptly curved and slightly concave to the beak, which is very slight-

ly elevated. Posterior margin ungulate curved, making an angle of

about 110° with the hinge line and passing by a more gentle flexture

into the ventral border. The greatest thickness is about one-third

from the anterior, the surface is evenly convex along a line passing to-

ward the postero ventral angle. There is a rather deep groove pass-

ing parallel to the hinge from the beaks'.
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Genus Prothyris, Meek.

Frothyris m,eeki, Wmchell.

This species occurs frequently in the shale below congl. II, but

is by no means limited to that horizon. Its range and legitimate lim-

its of variation have not been fully studied.

San^uinolites {Goniophora) senilis, sp- n.

(Plate IX, Fig. 28.)

Cf. Sanguinolites cuneatus, DeKoninck, and Goniophora siibrecta.

Hall.

Shell of rather large size, nearly rectangular, hinge and ventral

margins nearly parallel, nearly straight and of nearly equal length.

The anterior dorsal margin is nearly straight, making with the hinge

an angle of about 120° or less, somewhat produced; posterior margin

truncate at about a right angle and again obliquely truncate at the up-

per third (sometimes apparently curved rather than doubly truncate

;

'in most specimens the postero inferior angle is more acute and pro-

duced than in the one figured, thus approaching G. subrecta, H.)

Surface quite convex along the very prominent and rather acute post-

umbonal ridge, the greatest convexity being half way from the beak

to the postero-ventral angle; On either side of the ridge the surface

is plane for some distance, but anteriorly becomes conca ve, forming a

broad sulcus passing from the middle of the ventral margin toward the

beak; posteriorly the surface is flat for a considerable distance from

the upper angle. The umbo is rather prominent. The surface is or-

namented with very prominent, rather irregular, close, concentric

lines, which are acutely angled upon the umbonal ridge. Length 60

mm; height 25 mm; beak distant from the anterior about ii mm.
Found only in shales four feet below conglomerate I, near Granville,

O. In some specimens the resemblance to S. cuneatus, Dekon., ap-

proaches identity. From Goniophora subrecta it differs chiefly in the

less elevated anterior extremity and slightly less produced infero-pos-

terior angle. The relation is so obvious that we regard this shell as

increasing the Devonian character of our division I.
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Sanguirbolites inarshallensis

,

Win. ?

(Plate V, Fig. ii
;
Plate VII, Fig. 10.)

This shell bears some resemblance to S. transversus, Dk. (= Cypri-

cardia rigida), but differs in the posterior margin. Shell sub-quadrate

or sub-ellipsoidal, transversely elongate, with greatest convexity above

the middle; hinge nearly straight and somewhat shorter than the shell,

at its posterior termination being the greatest height of the shell
;
ven-

tral margin shorter, somewhat concave or nearly straight, rapidly

curving anteriorly to a point above the middle of the height, where it

intersects the short, concave antero-dorsal margin
;
posterior margin

doubly truncate, first below for two-thirds the height by a line inclined

with the ventral about 130°, above by a shorter line making nearly the

same angle with the cardinal line, giving the shell a nasute appearance

behind. A prominent ridge passes from this projection toward the

beaks and a similar one from the lower posterior angle, between which

a decided sulcus is frequently observed, especially in large specimens.

A less distinct sulcus extends from the middle of the lower margin to-

wards the somewhat flattened, incurved beaks.

The following measurements illustrate the proportions : Length

22 mm, height ii mm, convexity of single valve 3-4 mm; L. 33 mm,
H. 15 mm; L. 28 miu, H. 14; L. 24 mm, H, 12.5 mm; L. 40 mm;
H. 18 mm.

The identification as above was made at the suggestion of Prof.

Winchell, as we were unable to harmonize the description with our

specimens. This may be accounted for by the fact that the descrip-

tion was drawn from rather young forms, while ours have the peculi-

arities strongly marked.

Free-stone of middle Waverly, Granville, O.

San^iiinolites unioniforinis

,

Win,

(Plate IX, Figs. 5, 7-9.

)

Quitfe a number of very small shells, with rather constant charac-

ters from the basis of this description. The interior has in no case
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been seen, but there is at least a close resemblance to Winchell’s spe-

cies as gathered from the description.

Shell small, compressed, elongate elliptical, with nearly parallel

margins and sub-terminal beaks. Rather more than twice as long as

high, height nearly the same anteriorly as posteriorly. Hinge-line

two -thirds the entire length, often diverging posteriorly, sometimes

shorter
;
postero-dorsal margin very obliquely truncate, curving more

rapidly near the middle of the height and passing by a rapid curve into

the nearly straight ventral margin. Anterior margin rather distinctly

concave above the middle, strongly convex bejow. Beaks minute,

not projecting, near the front; posterior-umbonal slope gentle, no well-

defined ridge; shell thin, surface marked by fine lines of growth.

Length 13 mm, height 5.2 mm
;
hinge-line 8 mm

;
beak 2 mm. from

anterior. Shale 4 feet below Congl. I, at the “ Dug-way,” Granville,

Ohio. No. 1372.

Sanguinolites [Splienotivs) fvansversus, Dekoninck.

Sanguinolites (Cypricardia ?) rigida. W. and W.

(Plate IX, Fig. 22.

)

Shell elongate, quadrangular, a little widest at the posterior end.

Dorsal line straight, bounded by a rather broad escutcheon, which

is more than half as long as the entire length of the shell. Anterior

end truncate, prolonged near the basal margin
;
posterior extremity

obliquely truncate; basal line straight, slightly emarginate, a little an-

terior to the middle, by a shallow sinus which crosses the shell from

beak to base. Lunule large, deeply marked; beaks small, flattened

on the umbones, and enrolled, situated anteriorly
;
umbonal ridge

very prominent and angular, extending from the beak to the posterior-

basal angle. A second, but less prominent ridge passes about mid-

way between the first and dorsal line. Surface marked by sharp,

closely-arranged lines, parallel to the margin, which are bent at right

angles as they cross the umbonal ridge, and less abruptly at the minor

ridge. Interior of shell with a sharp muscular ridge passing from the

anterior side of the beaks, with a forward curvature, about yi distance

across the shell. Hinge-teeth absent, probably partially external lig-

ament,”
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This species is found rarely in the shales below the congl. I.

There is an a priori improbability that this species exists in Bel-

gium as well as in America, but the identification of Dekoninck is

positive.
.

San^uinolites ^Sjohenotiis) contractus, W. w.

(Plate XII, Fig. 4.)

A form identified with this Chemung species is found in shales at

Moot’s run, in the nodule layer, hence perhaps sixty feet below the

horizon of S. rigidus=transversus. From that species it differs in be-

ing less robust, longer, less rigid, and in having less obtuse post infe-

rior extremity.

The group of species here associated is a very intimate one and

the specific distinctions may prove illusory.

Sanduinolites iSphenotus) flavins, H ?

(Plate IX, Fig. 10.)

The resemblance between Sp. valvulus and Sp. flavius", as fig-

ured by Hall, is so close that one would be tempted to combine them

unless full suites attest their autonomy.

Our specimens vary considerably, and in the surface characters

resemble Sp. flavins, but often have more the outline of Sp. valvulus.

The resemblance to small forms of Sa/iguinolites naiadiformis is great.

From S. unioniformis with which they are associated they may be dis-

tinguished by the greater size and more produced posterior margin.

Length 48 mm; width 18 mm.
Specimens found only in layer of shale a few feet below con-

glomerate I.

Sanfluinolites (Glossites) ainygclalinus, Win?

This species is apparently represented in our collections, but not

in specimens in suitable condition to describe. Its position is in the

shale below congl. I.
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San^iiinolites inichiganensis, Win.

(Plate VIII, Fig. lo.

)

This species has been a puzzle to me, but Prof. VVinchell suggests

that it is his S. michiganensis. I'he place and date of publication of

this species are unknown to me. The resemblance is rather with

Pleurophorus or Goniophora apparently. Found in the shale below

conglomerate II, at Newark.

Safiguiiiolites aeolus, Meek.

(Plate VIII, Figs, i, ii.)

d"his species is evidently causing some confusion. Walcott fig-

ures specimens under this name from the Eureka district, which are

at least very doubtful. Our own specimens do not present entire

agreement, but are not well preserved
;
they are derived from the

shales below congi. II, with Allonsma winchelli. Meek asserts that

the stratum referred to is upon the same horizon with that of the Cuy-

ahoga shale. In as much as there is some reason to doubt this or to

suspect that the Cuyahoga contains several horizons higher than this

one, all identifications should be made conservatively. We suspect

the identity of the specimens figured with the Cuyahoga species and

reserve judgement.

Sangiiinolites ohliquus, Meek.

(Pal. O., Vol. II, Page 306.)

This shell is abundant one mile south of Newark, in the shale

below congi. II, with Allorisma winchelli.

The following measurements indicate the typical proportions :

No. Length. Height. Thicknes.
Height
from front.

Thickness
from front. Proportions.

I 47 16 14 16 1 1 I -.34-'. 2 9
2 46 C 13 17 1

1

1-.36-.28

3 43 15 1

1

10 I -.34-. 2 8

4 ^7 13
T 175

6 (3O 13 10 13 7

7 (50) 17-5 16

8 42 c 13 16 1

1

1-.38-.30
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Sanguinolites naiadiforinis

,

Win.

(Plate IV, Fig. 2.)

‘‘ Length 2^ the height; laterally flattened below the umbo
;

dorsal and ventral margins parallel or nearly so, the ventral sometimes

with a broad, shallow sinus extending upward over the valves and

vanishing near the umbo; a distinct umbonal ridge flattening out near

the postero-ventral angle, at which place the outline presents a round-

ed angulation
;
postero-dorsal slope making with the dorsum an angle of

45°. Length 2^ in; height 14-16; thickness ^ in.”

The specimen figured is less typical than others from the free-

stone in that it lacks the ventral sinus. Length 75 mm ;
height 28

mm; convexity 16 mm.
A variety rather more common than the typical one has the um-

bonal ridge more prominent and the anterior ventral curve more con-

vex. Several specimens measure about as follows : Length 7^, 63,

66; height 28, 24, 26 ;
convexity 20, 17, 18

;
length of lunule 15, 13,

13. This form extends into congl. II.

A small specimen from the shale below ccngl. I, closely resem-

bles the above, but is smaller, measuring 36; height 17; convexity

9 (9); lunule 8. Plate IX, Fig. 3.

Allorisinoj {Sanguinolites) nohilis, Dekoninck.

(Plate X, Fig. 5.)

Very large, elongated, expanded and somewhat angulated poste-

riorly, nearly three times as long as high at the hinge, rather flat,

greatest convexity near the middle of the valves.

Hinge line nearly straight and almost parallel with the very slight-

ly curved lower margin
;
beak between 1-4 and 1-5 the distance from

anterior margin, which is nearly straight and extends a little more than

half the height of the shell, forming a rather acute angle
;
posterior

margin nearly evenly curved or doubly sub-truncate. Surface marked

by very strong, irregular, concentric ridges. The post-umbonal ridge

is near the hinge and is very slightly elevated, below it are two still

fainter ridges passing from the beak to the lower posterior angle and a
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point half way to the point where the iimbonal ridge terminates. The
single specimen seen is a little imperfect so the curvature of the beak

could not be certainly seen. This shell is as large as A. siibciineala,

which it greatly resembles in surface characters, but the presence of

the Pleurophorus-like ridges and slightly angled posterior margin, and

less convexity serve to readily distinguish it.

Near the top of free-stone at Granville, collected by W. F. Cooper.

This shell is apparently identical with S. nobilis, the only differ-

ences noted being the slightly greater anterior projection in our speci-

mens, which are thus rather longer.

AUorisma cooperi% sp. n.

(Plate VI, Figs. lo
)

Shell of medium to large size, rather flat, expanded, and short.

Very little more than twice as long as high
;
middle region evenly

convex; beak not prominent, gently incurved, situated near the junc-

ture of middle and anterior thirds. Hinge and lower margins nearly

parallel, latter gently curved. Anterior margin rather long, slightly

concave, meeting the lower m.argin below the middle at an acute pro-

duced angle. Posterior margin parabolic, nearly equally curved above

and below. The height is nearly the same at the anterior and poste-

rior thirds.* The surface is marked with the usual concentric striae,

but whether granulated or not the condition of our specimens forbids

conjecture. The post-umbonal ridge is close to the hinge line and not

very prominent, while the antero-dorsal margin has no lunule.

Length 69 mm; height at beak 33 mm; distance of beak from

anterior 20 mm.
This is a much shorter species than A. subcuneata, M., of the

coal-measures, and has a longer anterior portion.

Two specimens from the upper layers of the free stone have been

found with concurrent characters. Collected by W. F. Cooper, at

Union Station, and by C. L. H., north of the “ Dug-way ”

AUorisma zuincJielli, Meek.

(Plate VIII, Figs. 2-4.)

Occurs in great abundance in a layer immediately below the 18-
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inch conglomerate above the quarry rock in the south Newark quarry.

It is here associated with A. venfricosa, Edmondia sp. Sanguinohtes

obliquus, and Frothyrus meeki.

The following measurements illustrate the range of variation at

this place

:

j
Length. Height.

1

Thickness.

Height

at

from

post,

end

Thickness

at

14

from

pos-

terior.

Angle

of

an-

tero-

ventral

margin.

[

Angle

of

an-

tero-dorsal.

1

Anterior

wing

Length

to

height

to

thickness.

I 51 23 22 23 18 42° 120° 5 I-- 45--43
2 48 23 21 2^ 17 40° 113P

4 I -- 47 --43

3 47 24 22 25 20 40° 112° 3 1-.51-.46

4 53 23 20 22 H 38° 121° 4 •-• 43--37

.S (52) 23 20 22 16 37
°

1 ^ 3
°

4
6 24 22 22 18

7 (26) 1

2

10 7 7
8 M 1

1

•3
1

7.5

9 47 23 22 24 17

10 35 L 17 19 1 15

Allorisma winchelli has once been found in shales above congl. I,

showing that it was continuous throughout ihe period during which

the free-stone was deposited. The animal lived buried in the mud^

and is found wdth the valves in connection oblique to the lamination,

anS only in rocks which were originally mud of the shallow bays.

Alloidsina ventricosa, Meek.

(Plates VUI, Fig. 6; Cf. Plate VII, Fig. 33.)

Our specimens differ considerably from Meek’s description and

also among themselves. The one figured expresses the extreme de-

velopment of the tendency of the species, being shorter and more

abruptly curved antero-ventrally and with more prominent beaks than

others. A well marked ridge marking off the antero-umbonal slope

is especially characteristic.

Length 34 (24); height 29 (19); thickness 18 (13); height at ^
from posterior 22 (15); thichness at same point 13 (10); anterior wing

5; angle of postero-ventral margin with hinge line about 56°. Meas-

urements in parenthesis are of another specimen.
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Allorisina convexa, sp. n.

(Plate XII, Fig. 27.)

Shell of medium size, quite tumid, with parallel margins and nu-

merous fine striae. Length nearly 2^ times the height; hinge and

lower margins parallel and of equal length
;
lower margin abruptly

rounded to the middle of the height, passing sharply into the concave

antero-dorsal line; lunette well defined; posterior margin broadly

rounded with slight angulation at the termini of two faint ridges be-

tween the post-umbonal ridge and the hinge; surface highest near the

middle, flattened postero-dorsally
;
post umbonal ridge faint, the supra-

umbonal ridges inconspicuous, but producing slight deviation in the

numerous and regular concentric stri^. The ca§t shows a long cardi-

nal groove. This shell is some respects a miniature of A. nobilis, but

is much more convex. The radiating striae characteristic of Allorisma

may be detected upon the cast. From A. winchelli, which it exactly

resembles in size, it may be distinguished by the parallel sides and the

form of the posterior margin. From all other forms of this age it will

readily be distinguished. Length 57 mm ;
height 23 mm ;

beak from

the front 10 mm
;
convexity of both valves about 15 mm. Free stone

layers of middle Waverly^ 6 miles northwest of Granville. Collected

by W. F. Cooper.

Macrodon ? ? triangularis

,

sp. n.

(Plate VIII, Fig. 8.)

A single right valve differs so from all associated forms that very

little idea is afforded of its relations.

Shell thick, nuculiform, large; outline subtriangular, beaks rather

prominent, somewhat incurved ; hinge apparently flexed at nearly a

right angle at the beak, anterior margin nearly straight, meeting the

gently curved lower margin by an abrupt curve; posterior margin

very short, forming an acute angle with the lower margin and a very

obtuse one with the curved hinge line; post umbonal slope narrow,

inclined to the general surface of the valve at nearly a right angle
;

surface marked by concentric striae and folds
;
greatest convexity
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above the middle. Length 41 mm; height 35 mm. Free-stone of

upper Waverly. The hinge characters are unknown.

Microdofi reservatus, Hall.

(Plate IV, Fig. 14.)

'fhis species is common in the free-stone of middle Waverly, but

neither of our figures gives a typical form. Fig. 14 is abnormally ele-

vated behind. Fig 4 of Plate X, is a small variety with beaks more

central than usual. See Modiomorpha, below.

A typical specimen is sub-quadrangular, as long as high, flat,

and finely marked concentrically. The lower margin is a very shal-

low elliptical curve
;
postero-dorsal slope slightly inclined, nearly plane;

hinge line behind the beak nearly straight; posterior margin making

with it an angle of about 120°, very slightly curved, anterior margin

slightly concave forming an angle of nearly 140° with the hinge, an-

tero-inferior projection rather abruptly rounded. Hinge in our casts

showing only a shallow groove before and behind the beak. The

generic reference is unsatisfactory.

Grammysia rhomhoides

,

Meek.

(Plate VIII, Fig. 12 ?)

Typical specimens are frequent in the free-stone of middle Wa-

verly. (Our figure is from an unusual form which may not repre-

sent this species.

)

The relations of the associated form figured on Plate IV, Fig. i,

are unknown.

Gammysia hannihalensis

,

Shum.

This species is not very common in the free-stone of middle Wa-

verly. Certain forms of Palaeoneilo elliptica are are frequently mis-

taken for it. Fig. 13, of Plate IV, is apparently a fragment of this

species.
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Grammysia ventricosa, Meek.

Fine typical specimens are found in the Allorisrna layer below

conglomerate II, especially at Rushville. See Pal. O. Vol. II; also

doubtfully identified from the free-stone below this horizon, at Newark

and Granville.

Grarnmysia sp.

(Plate XII, Fig. 3 ,)

This small species has somewhat the aspect of an Edmondia and

has not been carefully studied. From the nodules at Moot’s run.

Mocliomorplia hyalea. H. ?

(Plate X, Fig. 4.)

This identification is provisional. Our specimens are shorter and

have more the a^ect of a Grarnmysia. The species was derived from

Granville, however, and the form here figured approaches it as nearly

as any seen. Freestone of middle Waverly.

Edmondia depressa, H.

(Plate VIII, Fig. 5 )

Shell thin, subquadrate, only moderately convex, umbones prom-

inent, beaks incurved, approximate, near the front margin. Hinge

line straight, equal to over one-third the entire length
;
post umbonal

ridge rather prominent, extending to postero-ventral angle
;
post-um-

bonal slope bisected by an indistinct ridge extending from the umbo;

pre-umbonal slope narrow
;
posterior outline nearly straight, meeting

the hinge line at an angle of about ii[°, passing into the lower out-

line by an abrupt curve; lower line nearly parallel to the hinge, curv-

ing very rapidly to its junction with the rather straight front margin,

which makes nearly a right angle with the hinge. Surface covered

with fine concentric striae and coarser folds parallel to the margin.
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Our specimen gapes posteriorly and below, but probably the edges

naturally apply all around. Greatest convexity upon the post umbo-

nal ridge about one-fourth the distance from the beak to posterior

angle. A shallow sinus extends from the umbo to the middle of the

lower margin. Length 31 mm, height 22 mm, thickness 14 mm, beak

about 7 mm, from anterior margin, hinge 23 mm. Allorisma layer,

below congl. II, at Newark and Rushville. Not having access to

Prof. Hall’s description, I am unable to make direct comparisons, but

have no doubt that this is the species in question. The comparison

with E. tapesiformis, Meek, reveals many differences, that species also

seems to come from a different horizon.

Edinondia hurlingtonensis, W. and W.

(Plate IX, Fig. 27, Fig. 17 (.^); Plate IV, Fig. t8.
)

Our species is doubtless the one generally identified with E. bur-

lingtonensis and Prof. Winchell has made direct comparison of our

forms with Iowa types and sustains the identification. There is, how-

ever, a wide range of variation in specimens on the same slab, the

majority being almost like E. radiata, H., in form. The original de-

scription runs as follows :

“ Shell of medium size, broadly subelliptical in outline, with reg-

ularly ventricose valves, breadth equal to three-fifths of the length.

Beaks situated within the anterior third, strong, prominent, and in-

curved. Hinge-line and basal margin gently and equally curved
;
an-

terior and posterior extremities broadly and equally rounded. Surface

marked by numerou-s strong, concentric undulations, parallel to the

margin of the shell. In full-grown individuals there is a shallow, un-

defined sulcus, commencing near the centre of the shell, and reaching

the border near the middle of the base.” “ Differs [from E. radiata]

in having the posterior extremity narrower than the anterior, instead

of much broader; and also in the concentric undulations.”

After an examinadon of perhaps fifty specimens, all from the

same bed within a few inches of each other (vertically), we observe

the following nearly constant differences. The posterior part of the

shell is higher than the anterior
;
sulcus well-defined

;
posterior mar-

gin much more broadly rounded than the anterior and obliquely sub-
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truncate above
;

finally, we are not sure the hinge structure is that of

Edmondia.

To all appearance our specimens agree with the smaller form fig-

ured in Vol. V, Pal. N. Y.
,
Part I, under the name Macrodon ovatus,

though its relation to the typical larger form is less obvious. In some

of our specimens the teeth of Macrodon were doubtfully observed.

Ctenodofita {.Kucida) iowensis, w. and w.

(Plate I, Figs. 14, 17.)

A nuculoid shell resembling the one quoted is very common in

the layer below congl. I.

Shell small, triangularly subovate, quite ventricose. Beaks about

one-fourth or less from the anterior, prominent, acute, and incurved.

Hinge abruptly bent at a little less than a right angle with about 10

posterior and 4-5 anterior teeth, anterior margin obliquely truncate;

lower margin a nearly regular semi-elliptical curve. Surface marked

by numerous plicae, especially near the margin, where the epidermis

is thickened. Length 10.5 mm, height 8 mm, thickness 6 mm. (?)

Ctenodonta {Kiicula) stella, Win.

(Plate IX, Fig. 14.)

“Shell very small, elliptic-ovate, with sub-central beaks. Ante-

rior cardinal slope arched, posterior nearly straight
;
extremities rather

sharply rounded
;
ventral side semi-elliptic. Anterior hinge-plate with

17 minute, acute teeth; posterior with five. Beaks a little attenuated

near the extremity, curved inwards and backwards. Shell thin, with

delicate concentric striae.”

This species occurs with C. iowensis, in shales below congl. I.

Ctenodonta {Kncula) how^htoni, Stevens?

(Plate V, Fig. 17.)

A small species collected by Mr. Deming, in the shales over congl.

II. is very like N. ventricosa, H.

Shell small, transversely sub-oval; height equal to ^ the length;
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beaks rather prominent, incurved, situated over ^ from the front

margin; ventral margin rather evenly curved; posterior margin ellip-

tical; anterior margin curved abruptly below, but passing by a nearly

straight line to meet the produced hinge at nearly right angles. The

escutcheon is well defined by a strong post-umbonal ridge
;
lunule

well-marked. Greatest convexity near the middle
;

surface covered

with fine, close lines of growth. Length lo mm
;
height 7 mm,

thickness 4.5 mm. The state of preservation forbids positive identi-

fication.

Jfuculana iLeda) spatulata, sp. n.

(Plate IX, Fig. ii, (12?) Plate VII, Figs. 35.)

Shell elongate oval, broadly expanded anteriorly, acute behind;

beaks small, slightly prominent, acute, about seven-twentieths the en-

tire length from the anterior margin
;
hinge-line rather strongly con-

cave
;
teeth (if present) small

;
anterior margin forming a bold, uni-

form curve, reaching nearly as high as the beaks, with its greatest an-

terior projection above or near the middle; lower outline gently con-

vex, nearlv attaining the hinge posteriorly, but separated from it by a

short truncate posterior margin. Greatest convexity about one-third

the height of shell from the beaks; umbonal ridge with a sudden, but

gentle slope. The surface is marked by very numerous, fine lines of

growth—about six occupying the space of i mm, in the shells meas-

ured. Length [i] 20, [3] 17, [3] 16.5; height [i] 9, [2] 7, [3] 8; dis-

tance from beak to front [i] 4, [2] 3, [3] 3 ;
height of beak above

longest transverse axis ]i] 7, ja] 6, [3] 5. From Leda bellistriata of

the coal measures, which it greatly resembles, it differs in being more

expanded anteriorly, and having the most convex part of the anterior

margin higher than the middle. Shales below congl. 1 . It is possible

that this is Dr. Stevens’ species, if so, however, its identification in the

^coal-measures must be regarded as erroneous.

J^uculana iLeda) similis, sp- n.

(Plate IV, Fig. 15.)

Shell large size, elongate, twice as long as high, rather flat; beak
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quite acute, rather prominent, curved anteriorly, about two-fifths the

entire length from the front, hinge-line gently curved posteriorly, with

about ten teeth; anterior margin a gentle curve with the focus in the

lower margin in. front of the middle; lower margin nearly straight be-

hind, curving more rapidly as it approaches the front; posterior part

of the shell narrow
;
the greatest elongation anteriorly is near the

juncture of trie lower and anterior margins. Judging from the cast

the shell was very thick, no markings being preserved. Length 25;

height 12; width ^6 (?); beak to front 9 ;
height of beak above long-

est axis 6 mm.
This is apparently the species identified by Prof. Hall [Pal. N, Y.

Vol. V,]'^with N. pandoriformis, Stevens. The original description of

Dr. Stevens seems, however, to forbid the reference.

J^’uciilana iLeda) saacata, Win. ?

'

'(Plate IX, Fig. 12.)

A' single poor specimen from the same horizon as the above bears

at least a superficial resemblance to the species quoted.

Palaeoneilo elliptic^, ^p- n.

{= PalcEoneilo conce?itrica^ authors, not cardinia concentrica, Win-

chell.)

Shell moderately thick, probably gaping somewhat behind, strong-

ly and evenly convex
;
outline nearly perfectly elliptical

;
hinge line

extending in front of the beaks, convexly curved posteriorly and con-

cave in front
;
about twelve oblique teeth in front and about twenty

behind
;
beaks about one-third to three-fourths the length from the

front margin, incurved to near the mediam plane
;
umbo moderately

prominent, post-umbonal slope convex, parallel to the hinge-line
;
pre-

umbonal slope very steep, the umbonal ridge being concave upwards
;

lower margin a uniform shallow curve
;
anterior and posterior outlines

strongly and similarly curved. Surface of valves marked by few, dis-

tant, very prominent concentric ribs, the intervals being flat or con-
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cave, and finely striate. About twelve of the ribs are found on a

shell of moderate size. Greatest convexity above the middle.

Length. Height.
Be’k fr’m

anterior.

Heig’t at

from post. Width.
Number of

ribs.

Length to

height.

23 12 7 10 8 (?) 12 2-1

24 14 12 12 1. 7-1

22 1

1

7 10 5-6 (?) 1 1-12 2-1

16 8 5 7
— 10 2-1

18 10 5 9 10 i.8-[

21 12 6 10 12 1 . 7-1

1

1

6.5 3 5*5 . 4 6-8 1. 6-1

Three varieties may be recognized by the character of the stria-

tions and these seem to be independent of size and may be worthy of

specific distinction, though intermediate gradations connect them.

One variety.

Yar. plicatella

has coarse folds or ribs separated by wide intervals. A shell 13 mm.
long and 8 mm. high, has only eight costae. The youngest specimen

seen is only 5 mm. long and 3.3 high and had but five or six costae.

Yar. elegantula

does not differ in proportions or hinge structure, but a shell 14 mm.
long and 9 mm. high, has twenty costae. A larger specimen 29 mm.
long and 15 mm. high, has about 25 ribs.

Yar. allorisiniforjYhis

has the beaks a little, farther forward and the intermediate striolations

are nearly equal to the costae, causing the shell to resemble allorisma.

This species has given us much trouble. All the varieties herein de-

scribed possess the hinge characters of Palaeoneilo, which Cardina con-

centrica is said by Winchell, emphatically, not to possess. Neverthe-

less, specimens of the present species, which failed to exhibit the teeth,

were regarded by Prof. Winchell as Cardinia concentrica. Either

there is a species in Michigan exactly like ours, but without the teeth

or in the examination of hundreds of specimens we have not hap-
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pened upon a typical example of Cardinia concentrica. Many states

of preservation conceal the teeth, but in every case the foam and char-

acters could be exactly duplicated in specimens with the hinge so

broken as to reveal their casts. This species labeled by Meek Palseon-

ilo concentrica, Win., indicates the prevailing opinion in Ohio as to

the state of the case, yet, for the present, it may be well to apply a

a new name devoid of ambiguity. The species ranges from the shale

below congl. I, to the concretionary lime-stones and sandy layers 40-

50 feet below. The young are short and muculiform with few teeth.

Note.—Paloeoneilo truncata H., is the species described by Win-

ched as Sanguinolites marshallensis. Hall slates that the interior was

not seen. Fig. 43, of Plate L, Pal. N. Y. , Vol. V, Part II, referred

to P. sulcateria. Con., is probably the same, though unusually short.

Paloeoneilo sulcateria., Con., is regarded as a synonym for P. bar-

risi, W. and W., Nucula hubbardi. Win., and L. nuculiformis, stevens.

This we have failed to identify or have regarded as an extreme varia-

tion from P. elliptica. Hall’s figures, stated to have been drawn

from Ohio specimens in part, agree with the last named species.

Palaeoneilo attenuata, H.

(Plate IX, Fig. 25.)

Shell very thin, nacreous; valves slightly gaping behind, com-

pressed, equal
;
outline subrectangular, produced posteriorly, hinge-

line straight, extending scarcely forward of the beaks, with many mi-

nute teeth in two series, which are not in the same straight line at their

union under the beaks, ligament apparently external
;
anterior mar-

gin strongly and evenly curved, extending nearly one-fourth the en-

tire length forward of the beaks
;
lower margin very slightly convex,

somewhat concave at a point about one-third the length from the pos-

terior extremity; posterior margin acutish, the lower margin curving

slowly upward until by an abrupt flexture it approaches the upper or

hinge margin; greatest thickness about half the height, situated about

one-third the distance from beak to front
;
a shallow depression pass-

ing from the slight sinus of the front margin toward but not to the

beaks, dorsal part of shell with an abrupt descent to hinge, forming a

very narrow but abrupt umbonal slope, generally also an umbonal

ridge nearly parallel to the hinge
;
beaks small, approximate, extend-
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ing above the hinge line, anterior umbonal slope steep, a short but

well-defined lunule, surface marked only by fine, crowded, concentric

strice. Typical measurements as follows:

Height at ^ from Thickness of Distance of umbo H’ight to

Length. Height. posterior margin. both valves. from anterior. length.

(0 25 1

1

8 5-5 7 I 2'27

(2) 24 10 8 'y'l. 5-5 I 2.40

( 3 ) 39 16 12 10 I 2.43

(4) 18.5 8 6 5 I 2-31

( 5 )
26 II -5 8 7 .3

I 2.26

(6) 24 10 8 ' 6 1 2.40

( 7 ) 29 13 9 8 I 2.23

(8) 27 12 9 6 I 2.25

( 9 ) 29 12.5 1

1

7 I 2.32

(10) 17 8 6
.3

I 2.12

(II) 12 6 4-3 3 1 2

(13) 12
.l 5 4 3-5 1 I. I 18

(14) 10 5 3-5 3 I 2

Numbers 10-14 ^^e small specimens with slightly different char-

acters. The lower margin is straight and the proportional length is

less, while the convexity of the surface is more uniform. All the

specimens are derived from the shale below the congl. I, and this spe-

cies is so abundant and constant that it forms a valuable index to this

horizon. It is known from many localities. The form is quite like

Nuculana, but Prof. Winchell says: “This has the aspect of Cteno-

donta hubbardi. Win., but is too thin and rather too much attenuated

behind. However, I have thin specimens from Holland, near Lake

Michigan.”

Area ornata, sp. n.

(Plate IX, Fig. 18.

)

Shell small; rather convex, beaks near the anterior third, acute

posteriorly, hinge short. Rather convex near the beaks, which are

prominent and incurved; lower line nearly straight, as long as the

greatest length of shell; anterior margin slightly curved or nearly

straight, intersecting lower line by a sudden curve; posterior outline

obliquely truncate forming at the lower angle a regular acute curve
;

hinge short, inclined toward the posterior ventral angle
;
anterior um-

bonal ridge high, the slope making a strong angle with the surface of

the valves
;
post-umbonal ridge near the hinge. Surface marked by
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rather distant concentric striae and posteriorly by thread-like elevated

radiating striae. In general appearance this shell is very like Macro-

don delicatus of the coal-measures, but differs from all species of Macro-

don or Parallelodon in having the greatest length near the ventral line

and the lower angles extended and acute. The markings distinguish

it^from any species of Area of the Waverly. Length i8 mm; height

nearly 8 mm
;
beak distant from anterior about 6 mm. Other broken

specimens indicate that this species reaches a considerably greater

size and that the entire surface, when preserved is covered by the fine

but distinct radiating thread-like striae.

i 0
Genus Gonojdon, Gen. n.

(
Gonia, an angle

;
odous, a tooth.

)

This name is proposed with some hesitation to receive a nuculi-

form shell seeming to differ in hinge structure from any genus of the

Palaeozoic era.

Shell equivalve, very unequilateral, gibbous, not gaping
;
resem-

bling Pal^oneilo, but the hinge is continuous, slightly flexed beneath

the beaks, without true teeth, (?) but the hinge margin of both valves

zig-zagged by sharp incisions into which corresponding projections of

the opposite valve fit closely. The series of denticulations thus formed

is continuous, but the size of the excisions diminishes before and be-

hind the beaks. Posterior adductor scar nearly terminal.

Goniodon ohioensis, sp. n.

(Plate XII, Figs. 23, 24, 25.)

Shell closely resembling Palaeoneilo
;
of medium size, very tumid,

umbo prominent, incurved. The outline is oblong-elliptical, lower

margin nearly straight, posterior extremity rather acutely rounded,

anterior extremity short, abruptly rounded; hinge-line equal to

nearly two-thirds the entire length, about twelve angulations behind

the beak and six to eight in front; ligament apparently below the

beaks, not disturbing the continuity of the series of angulations. The
greatest convexity is near the umbo. Surface marked by fine reg-
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ular concentric stri«. Length 14 mm; height 9.5 mm; thickness 8.5

mm
;
beaks 4 mm. from front.

This species was collected by W. F. Cooper, in the nodules and

shale at the lowest exposure at Moot’s run, 4 miles west of Granville.

Although suggesting the genus Pateoneilo strongly we do not see how
the hinge characters here described can permit this species to fall into

any known genus.

Pholadella newherryi, H. and W.

(Plate III, Fig. 27; Plate IV, Fig. 4.)

Shell large, elongated, rather flat, more than twice as long as high,

very short anteriorly, produced and rather narrow posteriorly. The

lower margin is nearly straight, being rather abruptly curved anterior-

ly and more gradually posteriorly where it is produced to form an

acute angle
;
posterior margin oblique, forming with the upper a very

large angle; hing-line concave, shorter than the length of shell; the

anterior margin short, nearly straight; umbones very prominent, beaks

incurved over the hinge-line
;

post-umbonal ridge quite prominent,

curved and becoming less distinct to its intersection with the lower

posterior angle
;
post-umbonal slope quite abrupt near the beak, but

becoming less so posteriorly
;

anterior to this ridge the surface is

marked by numerous radiating thread-like striae, which seem almost to

lie upon rather than to form a part of the shell ; these striae ab-

ruptly cease at a point on the lower margin one-fifth the length

from the anterior
;

shell otherwise covered by strong concentric lines

and folds of growth. Prominent characters are the prominent and el-

evated umbones with the concave hinge line, oblique posterior margin

and radiating striae.

Length 90 mm; height at beak 35 mm; height posteriorly 30

mm; beak distant from anterior margin 13 mm.
Oiir specimens are apparently little distorted and are much {ys)

larger than those figured by Meek from Rushville. There can be no

doubt of the identity, but our specimens show Meek’s types to have

been much more distorted than Meek’s P. (Sedgwickia ?) obliqua pro-

posed for the fragment figured. The species is apparently restricted

to a rather narrow zone below the shale immediately underlying congL
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II, and above the free-stone proper or in its upper sandy layers. All

our specimens being derived from Union Station and Granville.

Gasteropoda.

Loxoneina yandeMana, H. (?)

(Plate VIII, Fig. 23.)

The fragment referred to this species agrees with the figures of the

Spergen Hill form quite nearly, except in the presence of a well-

marked sutural band, which may after all be due to the state of pres-

ervation. It is possible that the portion figured is only the upper part

of the spire of a larger species. Most of our specimens do not pre-

serve surface markings and can not be safely identified.

Cycloneina leavemvorihana, Hall. ?

(Plate I, Fig. 20 )

This beautiful shell occurs in the upper part of the freestone near

Granville, and differs in no respect from those described from the

Spergen Hill limestone. From Murchisonia, some species of which

it resembles closely, it differs in the absence of a peripheral band, the

six volutions being marked only by thread-like revolving striae. Our

specimen is perhaps rather more slender than the types.

Fleiirotomaria ^Cyclonema?) stri^illata. sp. n.

(Plate I, Fig. 10, Plate H, Fig. 25.)

Very similar to Cyclonema lyrata, Hall. Spire moderateiy ele-

vated, composed of from two to four whorls, which are distinctly tri-

carinate below, but bicarinate above. The whorls increase rapidly,

the body whorl being about one-fourth the entire height. The lower

whorl is marked by rather distinct crowded incremental lines, which

arch sharply backward in passing over the median carina, indicating

that the aperture was probably notched. The two accessory carinse

are nearly as strong as the median one. The whorls are quite convex
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but are flat or even concave between the carinae, being evenly round-

ed below to the apparently small umbilicus. Aperture unseen, appa-

rently sub-circular. Height 16 mm; width 14 mm; height of first

volution 9. mm, distance between the upper and median caring, 3 mm.
The condition of our specimens makes it difficult to distinguish them

from the Hamilton species quoted. Frequent in the upper parts of

the freestone.

Since the above was written some very perfect specimens have

been secured from Moot’s run (see Plate XH, Fig. 39.) The species

therefore mav be regarded as ranging upwards into the freestone and

not properly belonging there. From Cyclonema lyrata this form dif-

fers in lacking the revolving striae on the lower surface of the whorls.

Casts of the interior found in situ, show Fig. 15, of Plate I, to be such

a condition of the present species.

Mivrchisonia quadrioincta, Win. ?

(Plate H, Fig. 28.)

The numerous specimens are all casts in poor preservation, hence

the reference is of the nature of a suggestion simply based on a gen-

eral resemblance. Prof. Winchell informs me that the species has

hitherto been only identified in Iowa.

J^aticopsis'^ sp. n.

(Plate XH, Fig. 37.)

Lack of time prevents a study of this interesting species. It is

not certain that this is not a species of Strophostylus resembling S. va-

rians, but is probably nearer to Naticopsis comperta.

«

Euomphalus latus, H. ?

(Cf. E obtusus, H.)

(Plate XH, Fig. 26.)

Our only specimen is very imperfect, making it impossible to as-

certain with certainty its characteristics. The upper surface of the
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volutions is concave, the outer margin is distinctly angled, and there

is apparently an inner carina at the suture line. The under surface is

evenly convex, widely umbilicate. The spire is slightly elevated, but

is poorly preserved. The lines of growth are irregular. -Our own
opinion is that the present form is intermediate between E. obtusus

and E. latus. The figure has been partly restored and must not be

too implicitly trusted except for size and general configuration.

Eree-stone layers of middle VVaverly, 6 miles northwest of Gran-

ville. Collected by W. F. Cooper.

Eiwmphalits [spirorhis

,

?)

(Plate II, Fig. 33.

)

(Fig 33b is quite incorrect, the appearance of a lip is misleading

and the spire is rather higher. 'The specimen having been since re-

moved from the matrix these errors have been detected. )

No opportunity has been afforded to compare with Hall’s E. spir-

orbis hence our reference is based solely on memory. Shell small, el-

evated, closely coiled, umbilicate, having from four to five volutions.

Volutions rather evenly convex, deeply excavated above for the supe-

rior volution, otherwise nearly circular in section Height nearly equal

to the diameter of the largest volution.

Height of four volutions 7 mm; diameter of lower volution near-

ly 9 mm. Free-stone middle Waverly. This species reminds one of

E. spergensis, var. planorbiformis, but the sjiire is higher.

Bellerophon cyiHolites, Hall.

(Plate VHI, Fig. 20; Plate IX, Fig. 29.)

Shell of medium size, laterally somewhat compressed, obtusely

carinate
;
whorls very rapidly enlarging, slightly embracing, transverse

section rhombic, sub-cordate, broadest near the umbilicus; dorso-lat-

eral slope flat or somewhat concave peripherally, strongly curved near

umbilicus; umbilicus rather small. Aperture sub-cordate with a deep

but not abrupt, acute notch.

Surface marked by numerous sharp geniculate or strongly curved

transverse strite meeting on the dorsum with an acute angle. Besides
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these, well-preserved specimens show less distinct revolving striae upon

the sides, especially near the umbilicus.

We have experienced much difficulty in identifying our Bellero-

phons. This species is poorly represented and very variable. The
form which is referred with confidence to B. cyrtolites, is found in the

shales below congl. I, and is about the size of the species quoted.

The form is exactly as in the Illinois types. Very careful examination

is necessary to discover the revolving lines; 13 is the maximum ob-

served diameter.

A larger form occurs in the shales below congl. II. in which the

concavity of the sides is more marked, as also the abruptness of the

descent to the umbilicus. 'These are all in the form of casts preserv-

ing impressed lines of growth; 22 mm. is a common dimension for the

greatest diameter. Above congl. II, in a blue friable shale, speci-

mens more like the type are again found.

The second variety has been collected at Newark, Rushville and

Granville, and has been discriminated as B. cribristriatus.

There are from 6 to 10 strire in the space of one- tenth inch near

the aperture. Dorso-ventral diameter of aperture perhaps 12-15 mm,
transverse diameter 10-12.

Bellerophon> galericulatus, Win.

(Plate IX, Fig. 32.)

“Shell small, globose, involute, carinate, ex-umbilicate, longitudi-

nally striate, and deeply notched. Dorsum broadly and regularly

rounded, without any evidences of a band except in approaching the

aperture of adult shells, where a rather broad band, with ventrally

concave incremental lines can be faintly traced, Aperture crescentic,

not suddenly expanded, strongly auriculate, with the ears hanging de

tached from the inner whorl. Notch infundibuliform, deep and broad,

obtuse, its sides reaching the tips of the auriculations. Umbilicus

closed, scarcely indented. Dorsal and dorso lateral surface marked

by about 28 longitudinal, sharply raised striae, separated by much
wider flutings and not perceptibly modified by dorsal band until within

half of a whorl of the aperture of the adult shell, when the two mid-

dle striae become slightly raised and enlarged and the entire set simul-

taneously die away. Between these stri^ and the umbilical point sim-
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ilar striae diverge spirally and irregular[ly] until intercepted by the

former set or by each other. Cast smooth, perforately umbilicate.

Average diameter of adult .47 (100); height of last whorl at the aper-

ture .26 (55): height of aperture .18 (38); showing the inner whorl

impressed into outer .08 (17); width of aperture .35 (74); depth of

notch .22 (47); width of peripheral belt at notch .06 (13); separating

distance between tip of auriculations and inner whorl .10 (21); num-

ber of striae in i-io in. .10 (in young and old) largest seen diameter

of -53.’’ Bellerophon galericulatus is quite common in the shales four

feet below congl. I.

Bellerophon, sp ?

(Plate XII, Fig. 36.

)

A species with decided Devonian affinities is illustrated from the

nodules at Mooi’s run. It is sufficiently distinct from any of the above

species, but we have no time to study its relations with Devonian

species.

Bellerophon perelegans

,

M. and w. ?

(Plate IX, Fig. 30.

)

“Shell small, subglobose
;
umbilicus small, aperture transverse,

reniform. Back and sides marked by fine, sharply elevated revolving

lines, which are about equal to the spaces between them, finer and

more closely arranged in the middle than on the sides of the shell.

Dorsum marked by a narrow, elevated, revolving band, bounded on

either side by a shallow depression. The revolving lines on the band

are much finer than those on the body of the shell. Very fine strise

of growth cross the revolving striae, giving a finely cancellated appear-

ance to the surface. Margin of the peristome nearly straight or with

a gentle backward curvature to the shallow central notch.”

Our knowledge of this species is confined to fragments of several

individuals with tolerably constant characters. 'I'heband, except near
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the peristome, is rather concave, the transverse strias are more regular

and often more conspicuous than the revolving, otherwise the agree-

ment is close. With B. galericulatus, 4 feet below congl. I.

Genus Platyceras.

Of this genus six species are reported by Prof. Winchell from

Ohio, viz: P. bivolve, P. haliotoides, P. hertzeri, P. paralium, P. ro-

merium, and P. subplicatum.

Platyceras hertzeri, Win.

(Plate II, Fig. 24, and Plate V, hh’g. 8.)

The difficulty of distinguishing the variable species of Platyceras

rather increases than diminishes whh the accumulation of specimens.

The present species, which may be recognized by its moderately large

size and irregularly plicate, nodulose surface, and compressed form

extends from the free-stone into conglomerate II. There is generally

a poorly defined carina near the outer margin as well as irregular trans-

verse plications. From P. haliotoides it is distinguished by the less

closely coiled spire.

Platyceras haliotoides, w. and w.

(Plate II, Fig. 23.)

Our figure illustrates a small and not particularly characteristic

specimen. Many specimens agree fully with the Illinois types, while

others pass toward P. hertzeri. The upper surface is convex, with

only a very faint revolving groove or none, the outer surface being

narrowly rounded, the aperture very oblique. From P. hertzeri it may
also be distinguished by the closely incoiled spire. With the last.
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Platyceras bivolve, M. and w. ?

A single specimen is doubtfully identified with this species.

Quite small, very ventncose, composed of (less than) two closely

coiled rounded volutions; spire not elevated; inner whorl minute,

outer whorl very rapidly expanding, ventricose, expanding especially

downward; section of volution broadly ovate, broadest externally;

aperture with a faint sinus on the upper and lower external aspects.

With the last.

Platycej'as sp. Cf. p. paraliuTYi, M. and w.

(Plate I, Fig. 23, (Fig. 22?)

We have a few specimens resembling P. pafaliiim^ which differ

from the above in having a well-defined revolving ridge and groove of

the upper surface. The spire is minute and the aperture not very

oblique. With the above.

' Dentaliu7)% grafivillp.nsis, sp. n.

Closely related with grandcEVuni^ Win.

Shell large, straight, oval in section
;
tapering about .078 in one

inch, marked except near the aperture by fine thread-like stride which

cross the surface nearly at right angles and are more or less regular.

Casts are nearly perfectly smo^dh. This species most nearly resem-

bles D. canna, but is always oval in section. The striae nearly seem

to cross the shell at right angles and on well-preserved specimens are

strong and elevated. No evidences of longitudinal markings were

seen. The length may have exceeded 8 cm. The longest fragment

measures 49 mm. The longer diameter at the apertural end is 9 mm,
at the apical 5 mm ;

another 50 mm. long measures aperturally 10

mm, apically 6 mm, or about 8 mm. contraction per cm. D. gran-

daevum is said to expand more rapidly, but may not prove distinct.

Free stone at Granville.

Goniatites lyoni, M. and W.

Fragments apparently indistinguishable from this species were col-
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lected in the free-stone of middle Waverly at Granville. The types

were from the Goniatite bed of the Kinderhook group, a zone certain-

ly embraced within the limits of our Waverly.

Another and apparently distinct species is characteristic of the

upper layers of division III. See Plate VII, Fig. 27.

Conularia newherryi, Winchell.

(Plate VI, Fig. 13; Plate VIII, Fig. 9; Plate II, Fig. 18?)

This species as quoted by Meek (O. Pal. Vol. II, p. 316), was

wrongly attributed to Hall. It was described by Winchell. [Proc.

American Philos. Soc., July, 1865, p. 130.] The original description

was written from a small fragment and gives an imperfect idea of the

species as a description of a specimen merely always does.

‘‘Shell very small, in the form of a quadrangular pyramid. The

pyramid is inclined over one of the angles. Angles of the pyramid

slightly rounded and marked by a shallow groove running longitudi-

nally. Each side is marked by sharp raised transverse lines, which

instead of running directly across, are angulated in the middle, so that

at this point they are nearer the base of the shell by a distance equal

to once and a half the distance between two lines. The distance be-

tween the lines increases from above downwards and is everywhere

equal to about one ninth of the width of the side. These transverse

lines have the appearance of the projecting edges of septa, and are

continuous from the middle of one of the shorter sides of the pyra-

mid around to the same point, though the ends do not join, but are al-

ternate in position. The sides of the pyramid are inclined at an angle

of about 30°.” The fragment, about one-half inch long, had a basal

diameter of .17, Cuyahoga Falls, O., in water limestone, below the

conglomerate. Prof. Winchell reidentifies this species from bed 4.

Sciotoville, O. [Proc. Am. Philos. Soc., Vol. XII, Jan. 4, 1870, p.

258.] “ The species appears to have been at least three or four inches

in length; the septa range from 17-44 to the inch; it bears a V-shaped

•furrow along each of the angles, within this furrow the septa are de-

flected abruptly toward the base of the shell, so that they meet from

opposite sides about at a right angle
;
the septa also sweep toward the

base with a gentle curve in their extension across the side of the pyra-

mid, by which their centres are about two intervals lower than the por-
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tion of the ridge which bounds the angular furrow. The septa are or-

namented along their margins by delicate granulations.”

Mr. Meek’s figure and description, being drawn from a very im-

perfect specimen, add nothing to the above and hardly serve to iden-

tify the species. The specimen figured upon Plate VI, is from the

lowest horizon, coming from the same bed as Spirifer marionensis. It

is remarkable for the slight angle at which the sides converge toward

the apex and the strictly quadrangular section. One face measures 15

mm. transversely, the other 12 mm. at the aperture, which shows the

presence of deep sinus at the angles, while the faces from the inclined

flaps long since indicated as a character of the genus. The angle

made by the sides is less than 10°. There are twelve transverse striae

in one centimeter or about 15 in half an inch near the aperture.

These stri^ exhibit distinct pearling upon their summits, the minute

pustules being rather distant from each other. The length may have

been three or four inches unless more rapidly tapering above.

Other specimens from the shale below congl. I, are apparently

identical. In the free stone the same species appears, though our

specimens indicate a more obtuse spire and are not in a condition to

exhibit the ornamentation. In the shale below congl. II, specimens

of larger size but similar characters occur. Finally, small specimens

from the Cuyahoga shale are decidedly of the same type Neither do

we know how to distinguish the form found in the lower shales of the

coal-measures, though the crenulations have not been seen. Nore of

these show any traces of the barred longitudinal markings of C. byblis,

W.
,

C.missouj'iensis, as identified by Meek and Worthen, has coarser

and more distant striae.

Conularia inicroneina. Meek,

f Plate II, Fig. 19.

)

“ Shell elongate-pyramidal, with the sides equally diverging from

the apex with an angle of about sixteen degrees
;

lateral surfaces near-

ly flat, and without any mesial furrow [sic] but sometimes showing a

very faint, slender mesial ridge, which becomes nearly or quite obso-

lete toward the smaller end
;
each of the four angles a little rounded

and provided with a shallow, moderately distinct longitudinal furrow.

Surface with numerous extremely small, closely crowded transverse
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stride, of very nearly the same size on all parts of the shell
;

striae

gently arching forward as they cross the side, and scarcely interrupted

...at the little mesial longitudinal ridge, minutely crenate, and separated

by extremely slender linear furrows, numbering fifteen in the space of

one-tenth of an inch on all parts of the surface; crenulations of striae

twelve to fifteen in one-tenth inch.”

Length apparently about 3 inches.

Compare O. siibcarbonaria^ M. and W.

Conularia tyhlis, White.

Conularia byblis, White, Proc. Post. Soc. N. H., Vol. IX, p. 22.

“ Shell large, in the shape of a truncated pyramid, length twice (?)

the width at the base, apex broadly rounded, smooth, ^iides depressed,

convex; grooves at the angles narrow, a faint longitudinal depression,

along the middle of each side; transverse ridges narrow, distinctly

raised, forty-five or fifty to the inch, but slightly curved in passing

from the salient angles to the faint central depression, at which they

meet at an obtuse angle and cross with slight interruption
;
sometimes,

however, they alternate for a short distance and then cross continu-

ously as before. Spaces between the ridges finely crenulate. Che-

mung^beds at Burlington, la.” Winched states lurther that there are

•small granulations ranged in a line along the crests of the ridges, 60-

75 of which occupy the space of an inch. He refers the “crenula-

tions between the ridges ” to transverse bars developed between the

ridges *in worn specimens. The septa range ftom 56-128 to the inch.

The septa-margins trend toward the base, but they are more nearly

straight from angle to centre than C. newberryi. Winchelbs speci-

mens come from dark bituminous shales. Hickman Co., Tenn.

This form has not been encountered in Licking county, but is

quoted for reference.

Stictopora striata, Hall.

(Plate XH, Fig. 40.)

Beautifully preserved and abundant specimens of a Stictopora are

found in the nodules at Moot’s run, and these can not be distinguished

with the time at disposal from the Hamilton species quoted. Several
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Other species associated in this horizon await a better opportunity.

We reproduce part of Prof. Hall’s description. Zoarium consisting

of a flattened, dichotomously branching frond arising from a spread-

ing base. Branches 3-4 mm ;
margins sometimes parallel, at others

slightly diverging, the greatest increase in width in a length of 15

mm. being i mm; non-celluliferous marginal space narrow, width .15

mm, not flat ; transverse section regularly convex on the two sides,

greatest thickness .50 mm; bifurcations comparatively distant,

branches diverging at an angle of 60° or more. Cells tubular, for the

greater portion of length very oblique, often nearly parallel to the

mesotheca, then turning and opening obliquely to the surface, on the

narrower portion of the branches often recumbent for nearly the en-

tire length. ^ ^ (yell apertures very broadly oval,

often circular, sometimes pustuliform, disposed in somewhat irregular

longitudinal rows, but the rows being very close together and the ap-

ertures being separated by more than twice their diameter, the ar-

rangement is indistinct; they sometimes alternate and form oblique

transverse rows and often irregular, direct transverse rows. Marginal

apertures very little if at all larger than the others. Peristomes mod-

erately thick, strongly elevated, smooth; interapertural and marginal

space striated, striae short, tortuous, interrupted.”

While some doubt may still exist as to the identity of our species

with the above, its Devonian affinity is obvious.

Addenda.

[To Page 65.]

Schizodus IProtoschizodusA palaeoneiliforinis, sp. n.

(Plate XII, Fig. 44.)

Six specimens found since the above was printed present concord-

ant characters.

Of small size, sub-nuculiform, produced behind, equivalve,

length to height as 23 to 15. Beaks less than one-third the length from

the anterior; hinge somewhat over half to nearly two-thirds the total

length
;
anterior margin short, broadly rounded, passing gently into the

very slightly and uniformly curving lower margin, which meets the



OF DENISON UNIVERSITY. 97

acute posterior angle at a point below half the height; posterior mar-

gin slightly concave, inclined to the longitudinal axis about 40°, mak-

ing an angle of about 150° with the declined hinge margin. Greatest

convexity of valves near the beak, from which a strong post-umbonal

ridge passes to the posterior angle, above which the surface is concave;

entire surface marked by fine thread-like, closely arranged striae. Al-

though our specimens are rather strongly produced and the interior

could not be seen there is little doubt of the generic reference.

Length 24 mm. (19-17); height 15 mm. (ii-ro.
)

Freestone of

middle Wavery, Union Station. W. F. Cooper collector.

d'his species may be compared with Sch. nuculiformis or Sch. ob-

scurus, Dekoninck.

Conocardiuin pulchellinn, White and Whitfield.

(Plate I, Fig. 12; Plate VII, Fig. 39, Fig. 40?)

“Shell small, general form triangular, with ventricose valves.

Flinge line straight, the length equal to that of the posterior slope.

Anterior end cuneate
;
posterior end obliquely truncate. Basal line

gently arcuate, widely gaping near the anterior extremity
;
hiatus elon-

gate ovate, distinctly crenulate on the inner border. Beaks minute,

incurved, situated posteriorly
;
umbonal slope rounded, posterior space

concave; siphonal tube small. Entire surface marked by distinct, di-

verging radii, those of the posterior space a trifle finer than those of the

body of the shell; also by very fine concentric striae. Greatest length

.4 inch.”

Identified from Newark by Winchell. fAm. Philos. Soc. Vol.

XII, p. 256.)

It seems to be common at Granville, also, in the free stone of

middle Waverly.

Another species is represented, but is known only from distorted

specimens. (See Fig. 41, Plate VII.)
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OHIO.

NAME.
Phillipsia meramecensis
Phillipsia shumardi
Phillipsia prsecursor

Pleurodictyum problematicum
Orbiculoidea sp

Crania harDiltoniae

Productus nebrascensis

Productus seinireticulatus

Productus arcuatus

Productus burlingtonensis

Productus shumardianus
Productus concentricus

Productus lachrymosus
Productus speciosus

Productus gracilis

Chonetes logani

Chonetes illinoisensis

Chonetes scitula

Chonetes tumidus
Chonetes pulchella

Hemipronites crenistria

Orthis vanuxetni, var

Rhynchonella contracta__

Rhynchonella subcuneata?
Rhynchonella sageriana

Rhynchonella sappho
Rhynchonella marshallensis

Atrypa reticularis

Syringothyris cuspidatus

Spirifer marionensis
Spirifer striatiformis

Spirifer biplicatus

Spirifer winchelli

Spirifer varicosta ?

Spirifer hirtus

Cyrtina sp_...

Spiriferina solidirostris

Spiriferina depressa

Cryptonella eudora
Centronella julia

Athyris ohioensis

Athyris lamellosa

Aviculopecten perelongatus

Aviculopecten grandvillensis

Aviculopecten sp. (p. 51 .)

Aviculopecten cooperi

Aviculopecten oweni ?

Crenipecten newarkensis
Crenipecten subcardiformis

Crenipecten senilis

Lyriopecten ? cancellatus .

Limatulina ? ohioensis

Streblopteria media
Streblopteria squama

_A

T”II III ILL. elsewh’re. REMARKS.
0 Missouri. Archimedes.

0 Chouteau.
0 sp. n.

0 0 Europe. Devonian.
0

0 Devonian.
0 0 Coal-meas. sp.

0 0

0 Iowa.

0 Sub-carb.
0 Devonian.
0 Michigan. “

0 New York. “

0 6 6

0 0 Michigan. “

0 0 0

0 0 0

0 ?

0 Devonian affinity.

0 Michigan.
0 0 0 00

0

0 0 New York Devonian.
0 “

0

0 0 New York. Devonian.
0 Michigan.
0 ? jO

Devonian.
0 00

0 Missouri.

0
?

0 sp. n.

0
0

0

0 sp. n.

0 New York.
0 Michigan.

0 *

0

0 sp. n.

0 ? sp. n.

0

0 sp. n.

0

0

0 s[). n.

? sp. n.

0 sp. n.

0 sp. n.

0 sp. n.

0
(

sp. n,
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NAME.
Streblopteria gracilis

Pernopecten shumardiana
Pterinopecten cariniferus

Pteronites obliquus

Leptodesma scutella

Posidonomya fragilis

Promacra truncata

Leiopteria ortoni

Leiopteria halli

Leiopteria sp

Leiopteria sp

Myalina michiganensis
Modiola waverlyensis

Schizodus newarkensis
Schizodus chemungensis
Schizodus cuneus
Schizodus medinaensis
Schizodus palaeoneiliformis__,

Orthonola rectidorsalis

Prothyris meeki
Sanguinolites senilis

Sanguinolites marshallensis ..

Sanguinolites unioniformis--

Sanguinolites transversus

Sanguinolites contractus

Sanguinolites flavius

Sanguinolites amygdalinus
Sanguinolites michiganensis-
Sanguinolites aeolus

Sanguinolites obliquus
Sanguinolites naiadiformis

Allorisma nobilis

Allorisma cooperi

Allorisma winchelli

Allorisma ventricosa

Allorisma convexa
Macrodon ? triangularis

Microdon reservatus

Gramraysia rhomboides
Grammysia hannibalensis

Grammysia venlricosa

Grammysia ? sp

Modiomorpha hyalea
Edmondia depressa

Edmondia burlingtonensis

Ctenodonta iowensis

Ctenodonta Stella

Ctenodonta houghtoni
Nuculana spatulata

Nuculana similis

Nuculana saccata

Palaeoneilo elliptica

Palaeoneilo plicatella

Palaeoneilo elegantula

OHIO.

elsewh’re.

Michigan,

New York.

Michigan.

Michigan.
a

00

00

Michigan.

Michigan.
Belgium.

Iowa.
Michigan.

Michigan.
?

REMARKS.
sp. n.

sp. n.

sp. n.

sp. n.

sp. n.

sp. n.

sp. n.

sp. n.

sp. n.

sp. n.

sp. n.

sp. n.

sp. n.

sp. n.

sp. n.

sp. n.

sp. n.

sp. n.

sp. n.

sp. n.
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NAME.
Palaeoneilo allorismifoiinis.

Palaeoneilo attenuata

Area ornata

Goniodon ohioensis

Pholadella newberryi
Conocardium pulchellum
Loxonema yandellana
Cyclonema leavenworthana.
C^^clonema strigillata

Murchisonia quadricincta_.

Naticopsis sp

Euomphalus latus

Euomphalus spirorbis

Hellerophon cyrtolites

Bellerophon galer.culatus

Bellerophon sp

Bellerophon perelegans

Platyceras hertzeri

Platyceras haliotoides

Platyceras bivolve

Platyceras paralium?
Dentalium granvillensis

Goniatites lyoni

Goniatites :

Conularia newberryi
Conularia niicronema

Conularia byblis

Stictopora striata

OHIO.

II III

elsewh’re. REMARKS.

Michigan.

sp n.

sp. n.

Iowa.

sp. n.

sp. n.

I

Devonian.

If we examine the above table candidly we discover at once that

our suspicion that the Waverly is not homogeneous is abundantly sub-

stantiated, and not less noticeable is the difference in habitus between

these assemblages. The lines chosen as the outlines of our divisions

were selected because they mark shore deposits and thus are transition

zones, as the deposits of a progressing or retreating littoral zone must

always be with regard to the sea-basin deposits formed before and after

the fluctuation in level producing the movement. Certainly no other

lines will prove more convenient in Licking county, though all such

zones may be arbitrary as regards other areas. Now in number I, ex-

tending say loo feet below congl. I, the fauna, as so far worked, pre-

sents about the following relations : Species of carboniferous habit, 2

or 3 ;
species with decidedly Devonian habit (often closely related to

Hamilton species), 25; species not found outside this zone or if so in

horizons still -under discussion, 30. In No II, embracing all between

congl. I and II, species with carboniferous habit, possibly 9 ;
species

with Devonian affinities (often Chemung species) 12; species which
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are limited to this horizon or horizons still debated, 45. The division

III, requires more study, but at least 7 species with carboniferous

habit and 10 with no special bearing are unmixed with a species of

Devonian alliances so far as known, except near the base. The evi-

dence here is, it is true, chiefly negative. These conclusions have

been reached on as conservative a basis as possible. If there is any

error it is rather in favor of the carboniferous tincture in the two lower

members.

The tentative conclusions now held are, therefore, as fol-

lows ; The Waverly group of Ohio is a composite assemblage of

lithologically constant character. The lower portion of it is chiefly

composed of greyish, yellowish, and greenish, arenaceous shales, with

local grits and nodulary masses of limestone, and occasionally near

the base intercalated layers of bituminous shale. This series is faun-

ally nearly distinct in Central Ohio and should be regarded not only

as Devonian, but as containing persistent elements of the Hamilton

types in connection with Portage and Chemung forms. However,

it is believed that geographical variation must be called in very

largely to explain the specific divergencies, while generic resem.

blances remain perfectly obvious.

Our division H, although so relatively small, was evidently a transi-

tion period. Most of the strata may have been deposited while the Cats-

kill was forming at the east, but the fauna was essentially of Chemung
character. Nevertheless the connection in Ohio was much more direct

with areas where already carboniferous types were appearing and a more

or less marked admixture was the result. Conglomerate H marks a

slight oscillatory wave passing perhaps from north to south, resulting

first in mud flats in which burrowing mollusks thrived, later in shore-

lines kept supplied with pebbles by re-invigorated rivers. When
the sea next returned it was with its freight of carboniferous forms,

but the old Chemung species had chiefly perished during the slight os-

cillation. Comparatively few deep-sea forms accommodated them_

selves to the littoral conditions for a time, but such as did are related

with Burlington or Keokuk species, which formations were then accu-

mulating to the westward. It is not difficult to conceive that condi-

tions might exist in Ohio, which would considerably alter specifically,

a fauna pretty closely concordant generically with the Chemung in

New York. In our second division a number of species are specific-

ally identical with those in New York. Yet we prefer to believe that
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the freestones of the middle Waverly in Ohio, lie chronologically

somewhat above the Chemung and include the Catskill epoch, 'bhe

upper member doubtless includes equivalents of the base of the Bur-

lington sandstone. The Cuyahoga shale presents a problem still diffi-

cult of solution, but we suspect a surprise awaits geologists when it is

carefully studied. It is probable that the black or Ohio shale lies be-

low the horizon of the t\ pical Genesee.

In conclusion, it seems that no better evidence were necessary to

convince one of -the continuity of animal existence than that here af-

forded. Not only do rigid lines of stratigraphy break down, but

hard and fast specific distinctions are obliterated and we begin to see

how the retreating and advancing and ever-varying sea flung the

shuttles back and forth, weaving the intricate pattern of historic

geology without ever breaking the thread of life or resetting the web.

But every new struggle brought out hitherto undeveloped possibil-

ities in life and, instead of perishing, life ever came off victor by virtue

of implanted aspiration and the environment of conscious force—God.

Note:—After the first portion of this paper was in type, accumulated ob-

servations place the stratigraphy of the lower portion of the series on a more

definite footing, showing the nodule layer so often mentioned to lie about 40 feet

below the horizon of Leinpteria ortoni and Crenipecten subcardiformis, and

hence between 60 and 80 feet below the congl. I, at Union Station, south of

Granville.

PLATE I.

Fig. I. Spirifer winchelli, sp. n., small dorsal valve.

Fig. 2. Spirifer, '-p?

Fig. 3. Spirifer marionensis?

Fig. 4. Chonetes gracilis?

Fig. 5*

Fig. 6. Spirifer striatiformis, var? ^

Fig. 7. Syringothyris cuspidatus, var?

Fig. 8 Spiriferina solidirostris?

Fig. 9. Modiola waverlyensis, sp. n.

Fig. 10. Pleurotomaria strigillata, sp. n.

Fig. II.

, Fig. 12. Conocardium pulchellum.

Fig. 13, Streblopteria media, sp. n.

Fig. 14. Ctenodontd iowensis.

Pig. 15. Internal cast of same species as Fig. 10.



‘ Fig. 1 6.

• Fig. 17,

Fig, 18.

Fig. 19.

Fig. 20.

Fig. 21.

Fig 22.

Fig. 23.'

Fig. 24.

Fig. 25.

Fig. 26.

Fig., 27.

Fig. 28.

OF DENISON UNIVERSITY.

Schizodus niedtnuensis

,

imperfect cast.

Ctenodonta iotvensis.

Aviciilopecten winchelli, right valve.

Slreblopteria media^ sp. n.

Cyclonenia leavenwoiihana {?)

Bclleropho 7i cyrioliies^ compressed spe imen.

Platycej'as sp?

Platyceras paralium.

Pi'oductus nebrascensis.

Schizodus chemungensis.

Pi'oducius seJHiretictilatus

.

Plant stem.

Crinoidal plate.

PLATE II.

Figs , I, :

Fig. 4 -,

Fig. 5 *

- Fig. 9.

Fig. 7 -

Fig. 8 .

Figs
. 9 1

Figs . 12,

Fig. 14.

Fig. 15 -

Fil^ 16.

Fig. 17.

Fig. 18.

' Fig. 19-

• Fig. 20.

Fig. 2

1

.

Fig. 22.

Fig. 23.

Fig. 24.

^ Fig. 25.

Fig 26.

Fig. 27.

Fig. 28.

' Fig. 29.

Fig. 30.

Fig. 31-

' Fig. 33 -

Fig. 3L

2, 3. Spirigera ohioensis?

Centrortella sp?

Centi'ondla Julia.

Schtzoaus medinaensis, very poor cast.

ArhyjPs lamellosa.

Ceiitronella sp?

1 1 . Spirifertna solidirostris

.

, 13. Rhetzia sp.

?

RhynchoneUa sageriana (= var. of R, sappho?)

Spirifer winchelli., sp. n.

Syringothyris cuspidatus.

Conularia.

Conularia 77iicrone7na.

Limatulina ? ohioensts, sp. n.

Cho7'ietes tumida.

PMUtpsia shumai'di,

Platyceras., sp.

Platyceras., sp.

Pleurotoma 7'ia st7dgillata, sp. n.

Nautilus ? sp.

Bellei'ophon cyrtolites.

Murchisonia.

Bellerophon cyi'tolites.

Bellerophon sp.

Plant impression,

Euojuphalus spBorbisP

Bellerophon galericulatm,

103
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PLATE III.

Fig [. Creriipecten senilis, sp. n
,
left valve.

Fig. 2. Spi> ifer hntus. M. and W. ?

Fig- 3 - Platyceras, sp.

Fig. 4. Streblopteria media, small right valve.

Fig. 5 - Aviculopecten (cf. Oiveni.)

Fig. 6. Leiopteria, sp.

Fig. 7. Aviculopecten, right valve.

Figs. 8, 9. Streblopteria tnedia, sp. n., left and right valve.

Fig. 10. Limatiilina ohioensis, n. sp., left valve.

Fig. II. Atrypa reticularis?

Fig. 12. Hemipronites c7'enistrio?, young.

Fig. 13. Chonetes, sp.

Fig. 14. Chonetes pulchella. Win.

Figs. 15, 16. Nucula^ sp. ?

Fig. 18. Pi'oductus arcuatus, H.

Fig. 19. Osti'acode crustacean.
'

Fig. 20. Productusjieiningi.

Fig. 21. Chonetes illinoisensis.

Fig. 22. Productus, sp.

P'ig. 23. Spirifer striatiformis, (cf. tullia, H.)

Fig. 24. Prodtictella ?

Fig 25. Pi'oductus nebrascensis.

Fig. 26. Spirifer striatifonhis, camera drawing of striae.

Fig. 27. Pholadella' newbet-jyi, xxghi \SL\\e.

Fig. 28. Productus lachiymosus, vd.i\‘stigfnarius, H.

Fig. 29. He77iip7
'-

07iites crenistria.

Fig. 30. Promaci'us truncatus, sp. n., dorsal view.

Fig. 31. Avictdopecten 7iewarkensh, Win. ?

Fig. 32. Hypostome of Phillipsia shumaj'di?

PLATE IV.

Fig. I. See page 75.

P'ig. 2. Sanguinolitcs naiadiformis.

Tig. 3. .Palceoneilo attenuata.

Fig. 4. Pholadella nezobei'ryi.

Fig. 5. Edmondia ?

Fig. 6. Myalma michiga^iensis.

Fig. 7. Nucula, sp ?

Fig. 8. Gram 7nysia, imperfect cast.

Fig. 9. Pal(Z07teilo plicatella, small individual.

Fig. 10. Modiola waverlyensis.
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^ Fig, 12. Palceoneilo ellipiica, upper figure, plicatella lower, var,

formis.

Fig. 13. Gramniysia hannibalensis.

Fig. 14. Microdo7t resei'vatus ?

Fig. 15. Nuculann swiliis, C2LSt.

Figs. 16, 17. ?

Fig. 18. Edmoiidia burlingtonensis, ?

Fig. 19. Cf. Fig. 4, Plate IX.

" Fig, 20. Pleronites obliqmis ?

PLATE V.

Fig. I, Rhynchonella sappho (Cf. coopori), Congl. II.

Fig. 2. Spirijer ivinchelli, dorsal valve. Congl, II.

Fig. 3. Spit'ifer winchelli^ ventral valve.

Fig. 4. Syringothyris cuspidatus, front view.

Fig. 5. Syringothyris cuspidatus, ventral view of cast.

Fig. 6. Syringothyris cuspidatus, hinge view of cast.

Fig. 7. Syringothyris cuspidatus, diagramatic median section of ventral valve.

' Fig. 8. Platyceras heidzeri, cast.

Fig. 9. Orthis vanuxemi, var. pulchellus.

Fig. 10. Cryptonella cudora.

• Fig. II, Sanguinolites niai'shallensis

.

Fig. 12, (No. r367.)

Fig. 13. Spit'ifcrina solidirostris

.

Fig. 14. Heinipronites crenistrio?,

''Fig. 15. Schizodus cuneus.

Fig. 16. Unidentified crinoid from congl. II.

Fig. 17. Ctenodonta houghtoni ?

F"ig. 18. Rhynchonella sp.

PLATE VI.

Fig. I, Posidonomya (streblopteria) fragilis, sp. n.

Fig. I, Spirifer marionensis, ventral valve, Moots’ Run, Licking Co.

Fig. 2a. do hinge view of same. Partial cast.

Fig. 2b. do hinge view of dorsal valve, cast.

Fig. 2C. do umbonal region of same.

Fig. 3- do dorsal valve. From concretions of lime 15 feet below hori-

zon of No. 2.

Fig.
. 3a. do hinge view of same.

Fig. 4- do ventral valve from same horizon.

Fig. 4a. do hinge view of same.
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Fig. 5 and 5a. smaller valves of same species.

Fig 6. Spirifer st7'iatifo 7‘mis, dorsal value. From exposure 1 miles south-

east of Granville.

Fig. 7. do. ventral valve, upper layers at Williams’ quarry west of Granville.

Fig. 8. Heinipronites crenistria, dorsal valve, with Fig. 2, Moot’s Run.

Fig. 9. do. From the freestone. ?

Fig. !o. AUorhnia cooperi. Union Station freestone.

Fig. II. Productus setjw'eticulatus, dorsal valve.

Fig. 12. Aviadopecten 7vinchelli. Freestone.

Tig 13. Conularia nezvbe^'ryi ? r3a. End view.

Fig. 13. Nautilus sp. Moots' run.

Fig. 15- ?

Fig. 16. Prodttchis conceidruns.

Fig. 17. Front view of Fig. 13.

PLATE VII.

'Fig I.

Fig. :.

F-g. 3 -

Fig. 4.

F-g. 5.

Fi2. 6.

Fig. 7 -

F-g. 8

Fig. 9.

Fig. 10.,

Fig. II.

Fig. 12.

Fig. 13 -

Fig. 14.

Fig. iv
Fig. 16.

.
Fii;. [7.

Fig. 18.

Fig. 19.

Fig. 20.

Fig. 21.

Fig. 22.

Fig. U3 -

Fig. 23.

Fig. 25.

Leiopieria ortoni, %\^. n., 40 ft below congl. I.

Sti'ebloptei'ia media., left valve. Large var. from about

congl. 1.

do.

Crenipecten subcardiformis, 40 feet below congl. I.

do.

Streblopteria media., right valve.

Pteronites obliquits.

Pabroneilo sp.

RhyjichoJiella - p.

Sangiiinolites marshallensis, 9,^ n.

Spirifer marionensis. (1361.)

Streblopteria g raedis.

Crenipecten s]5.

Streblopteria squama

.

Clionetes 9 \>.

Spiriferina octoplicata. ?

Enomplialus sp.

Productiis sliitmardianus, H.

Athyris, sp.

Proditctus gracilis.

?

Chonetes logani, ventral and dorsal valves.

Rhynchonclla subcuneata ?

Spirifer Freestone, Granville.

Rhynchonella sappho.

75 ft. below
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Fig. 26.' Prodtccifus, (c{. Plate III, Fig. 20.)

Fig. 27. Goniatites sp ?

Fig. 28. Aviculopecten, sp.

Fig. 29. Modiola xoaverlyensis

.

“'Fig. 31. Leiopteria Jialli.

Fig. 32. Leiopteria sp. Moot’s Run.

Fig. 33. Allorisma sp ? (No. 1378.)

Fig 34. Athyrts sp.

^ig. 35, Nucidana sp. 30 feet below conel. I.

Fig. 36. ? do

J^ig* 37 - Paloeoneilo conce7itrica var. do.

Fig. 38. Plaiyceras sp ?

Fig. 39. Conoca7'dium pulchellum

.

Fig. 40. Conocardhim pulchellum ?

Figs. 41. Conocardhim sp ?

PLATE VIII.

' Fig. Sanguinolites acolus. Shale below con:

^ Fig. 2. Alloi'isma winebelli, side view.

Fig 3. do hinge view.

Fig. 4. do front view.

Fig. 5 ' Edmondia depressa, side view.

Fig-. 6* Allorisma ventricosa, M. do

Fig. 7. Prothyris meeki. do

Fdg. 8. Microaon ? h'iangularis, Freestone.

Fig. 9. Conulai'ia newberryi, below congl. II.

Fig. 10. Sanguinolites michiganensis.

Fig. 1 1 . Sanguinolites aeolus

,

small specimen.

Fig. 12. Grammysia ventricosa, F'reestone.

Fig. 13. ? Shale below congl. II.

Fig. 1 4. Orbiculoidea sp. do

Fig. 15. Pleurodictyum problematicum^

Fig. 16. Ctenodonta sp., nodules, M^-'ot’s run.

Fig. 17. Cyclonema ? do

Fig. iS. Spirifer ? • do

F’ig. 1 9. Chonetes.

Fig. 20. Bellerophon cyrtolites^ H., var. cribristriatus, var. n., above Freestone,

Gianville.

F"ig. 21. Bellerophon cyrtolites. .Shale below congl. IT, Newark.

Fig. 22. Bellerophon sp ?

Fig. 23
_

Loxonema Yandellana.

Fig. 23. Chonetes ? nodules Moot’s run.

F'ig. 24. Phillipsia ? do
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PLATE IX.

Pig- I- Sprifer marionensis.

Pig- Unidentified casts from “Dug-way.

Pig- 3 - Sangninolites naiadiformis.

Pig- 4 - Unidentified.

Pig- 5 - Sangninolites nnioniformis

.

Fig. 6. Oothonota rectidorsatus.

Pig- 7 - Sangninolites nnioniformis

.

Pig. 8. do do

Pig. 9. do do

Fig. 10. do flavins.

Fig. ii.

Fig. 12.

Fig. 13 -

Fig. 14.

Pig 15 -

Fig. 16.

Fig. 17.

Fig. 18.

Fig. 19.

Fig.

Pig-

Fig.

Pig-

Fig.

Fig.

Fig.

Pig. 27,

Fig. 28.

Pig. 29.

Fig. 30.

Pig. 3 '-

Fig. 32.

^
'to- 33

20.

2 I.

- 3 -

24.

- 5 -

26.

Leda spatulata.

Leda saccata.

Palceoneilo elliptica.

Ntictda iowensis.

Palceoneilo elliptica^

Nucula ?

Edmondia burlinglotiensis I

Area ornata.

Spirifer .sp.

Schizodus chemungensis

.

Hemiproniles ci'enistria.

Sangninolites U ansversns.

Palceoneilo attenuata.

Sangninolites nnionifonnis 'i

Edmondia bnrlingtonensis.

Sangninolites senilis.

Bellerophon cyrtolites, form with unusually irregular striae.

Bellei ophon perelegans.

Bellerophon eyrtolites, cast.

Bellerophon galericnlatns.

34. Orthoceras indianense.

PLATE X.

Fig. I. Schizodus nezoarkensis.

I' ig. 2. Sangninolites naiadiformis.

Fig- 3. Spiriferina depressa.

Fig. 4. Alodioniorpha hyalea ?

Pig- 5- Allorisma nobilis.

h'ig. 6. Proanrtns semireticnlatns.
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f/Fig. 7. Crenipecten winchelli.

i Fig. 8. Aviculopecten granvillensis

.

Fig. 9. Rhytichonella contracta.

PLATE XII.

‘ Fig. I. Phillipsia prcBcursor, Head and pigidium.

Fig. 2. Unidentified. Moot’s run.

Fig. 3. Edmo7tdia ? Perhaps Grammysia sp.

'^’Fig. 4. Sphenotus conti'actus.

Fig. 5. Unidentified. Moot’s run.

Fig. 6. Productus shumardianus, H.

Fig. 7. Lyriopecten cancellatus.

Figs. 8, 9, 42, Pterinopecten cariniferiis

.

Fig. 10.. Crania hamiltoncE ?

Fig. 12. Rhytichonella sp. Moot’s run.

Fig. 13-15. Entolium shumardianum.

^Fig. 16—17. Aviculopecten cooperi.

Fig. 18. Unidentified. Moot’s run.

Fig. 19. Crenipecten {foerstii ?) Cuahoga shales.

Fig. 20. Spirifer striatiformis

.

Dorsal valve.

Fig. 21. Crenipecten. Upper division of Waverly.

Fig. 22. Crenipecten granvillensis

.

Dorsal valve.

Fig. 23. Goniodon ohioensis. Exterior.

Fig. 24. Goniodon ohioensis. Cast of both valves.

' Fig. 25. Goniodon ohioensis. Lateral view of same.

- Fig. 26. Euomphalis latus.

Fig. 27. Allorisma convexa.

Fig. 28. Athyris sp ?

Fig. 29^ Unidentified. Moot’s run.

Fig. 30. Orthoceras sp ?

Figs. 31, 32. Fish scales. Moot’s run.

33- Unidentified. Moot’s run.

Fig. 34. Unidentified. Moot’s run.

Fig. 35. Sanguinolites, resembling marshallensis. Moot’s run.

Fig. 36. Bellerophon sp. Moot’s run.

Fig. 37. Naticopsis sp. Moot’s run.

Fig. 38. Platycej^as sp. Moot’s run.

Fig. 39. Cyclonema strigillata.

»• Fig. 40. Stictopora stfiata.

Fig. 41. Unidentified.

Fig. 42. (See Fig. 8.)

Fig. 43. Productus shumardianus

.

j.
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ERRATA.

Page 12. Title. Instead of Part IV, read Parts III and IV.

Page 24. 17 lines from bottom. Instead of C. tumidus, read C.

SUBCARDIFORMIS.

Page 27. 2 lines from bottom. Instead of responsility, read

RESPONSIBILITY.

Page 31. Under Prod, semireticulatus. Instead of VII, Fig. ii,

read VI, Fig. 1 1.

Page 42. 15th line. Instead of situation, read sinuation.

Page 42, et seq. Instead of s. centronata, read S. centronota.

Page 65. Instead of Schizodus medinensis, read Sch. medina-

ENSIS.

Page 72. Instead of Allorisma cooperii, read a. cooperi.

Page 80. Instead of Pal^oneilo ellipticus, read P. elliptica.

Page 80. Instead of cardinia, read Cardinia.

Page 84. Instead of Gonoiuon read Goniodon.

Page 87. Instead of Enomphalus, read Euomphalus.



CROSS-FERTILIZATION OF LOBELIA SYPHILITICA.

BY C. L. PAYNE.

The methods of bringing about cross-fertilization are very numer-

ous. But it has been observed that the methods of fertilization con-

form to a few leading principles and types. And according to these

principles the methods of cross fertilization may be divided into class-

es. The various modifications m the orders, genera, and species un-

der these leading classes are only different applications of these princi-

ples and different methods of conforming to them. Thus we have the

principle, that open flowers can be fertilized by the wind, and accord-

ing to this principle we have a large number of plants, whose flowers

are completely exposed to the wind. But in other respects the flow-

ers may vary to suit the habits and circumstances of the several plants.

Again, there is a principle, that melliferous plants attract insects and

can make them the agents of cross-fertilization by adapting their con-

trivances for fertilization to them. These two principles are sometimes

combined, and such plants have two chances for bringing about cross-

fertilization. Here, also, there are many modifications. There are

many other principles with contrivances adapted to them. A classifi-

cation based upon these principles, it seems, would be as convenient

as the general classification of plants. But of coujse it is hard to find

a suitable principle of division. Hildebrand has made a very excel-
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lent classification for phanerogamic flowers, according to the complete-

ness with which they exclude self-fertilization. According to his class-

ification the plant we have under consideration would come under

class B. Male and female organs in one and the same flower (mono-

clinism), division i. The organs of the two sexes not developed si-

multaneously (dichogamy), and subdivision (a.
)

The male before the

female. And the division might have been carried farther, as there

are several minor principles applied in different ways to the plants un-

der the last division.

One of the most wonderful of the many contrivances for cross-

fertilization is found in the lobelia family. The calyx is adherent to

the two-celled ovary. The corolla is two-lipped
;
the lower lip is three-

lobed; the upper lip is split and the division continued to the base of

the corolla. Through this slit the united filaments and anthers bend

out then in again over the lower lip. The anthers unite and form a

conical-shaped figure. The upper portion projects beyond the lower

(as in the case of a bird’s beak) and forms the apex of the cone. A
spur extends downward from this upper portion, forming a hollowed

space. A clump of stiff hairs extends from the lower lip, and presses

closely up to the tip of the apex, closing the hollowed space, except a

small opening between the hairs and the spur in the back end. Now
the pistil is sheathed by the stamens. It has a broad two-lobed stig-

ma. Each lobe is protected by a sheath thickly covered with a ring

of stiff hairs. At first the pistil is considerably below the lower ex-

tremity of the anthers. The pistil keeps growing up through the tube

of the filaments, until it enters the ehamber of the anthers at the

proper time for fertilization. The inner walls of the pollen cells have

by this time been absorbed, and the pollen has been let loose in the

chamber. The pistil steadily presses the pollen toward the vertex.

Escape backward is prevented by the broad stigma-lobes with their

ring of hairs, thus some of the pollen is pressed into the little space

at the vertex. When a bee alights on the lower lip and crawls down

the tube, the slit in the back of which allows it to be expanded, the

back of the bee bends down the stiff hairs. The pollen is hurled out

upon it because of the tension. The pollen is carried to another flow-

er and deposited on the stigma in the manner immediately to be ex-

plained. The pistil pushes on, driving out the pollen, and grows

through the aperture in the vertex, protruding over the lower lip.

Heretofore fertilization has been prevented by the sheaths. These are
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now opened, and the stigma laid bare to catch the pollen from the bee^s

back, where it has been deposited by another flower, as previously de-

scribed.

The general arrangement for cross-fertilization in the florets of the

Composite is the same as that just described for the Lobeliace^. But

the vast number, the wide distribution, and the varied habits of the

genera and species under the Compositae cause many special variations.

These variations are shown especially by the arrangements of the hairs

and the stigmatic papillae. In some genera, just as in the Lobelia,

these hairs sweep the pollen before them, forming a simple ring around

the style at the base of the stigmas or aggregated in a tuft at the ex-

tremity of the stigmas. In other genera they spread over more or

less of the surface of the style and the pollen is entangled among them.

The mechanism for pushing out the pollen is farther perfected in some

Composite by the contraction of the filaments of the stamens on being

touched by the proboscis of the insect.



IV.

LIST OF DIATOMS FROM GRANVILLE, OHIO.

BY J. L. DEMING.

Diatoms are microscopic unicellular algae. - Though they were for-

merly regarded as belonging to the lower orders of the animal king-

dom, microscopists are now agreed in placing them among the Plantae.

They are generally of a brown color, though frequently be'coming

greenish when dry. The endochrome, as the colored contents of the

valves are called, is always symmetrically arranged. Each cell is com-

posed of two similar and apparently parallel portions, the valves.

These valves, although nearly equal in length, are not of the

same width
;

in fact they differ greatly. In consequence of the line

striations and other markings of the silicious valves, they constitute

valuable tests of the value of microscopic objectives.

Diatoms may be often seen to move a little in the water or slime

in which they exist. This is especially so in the case of the more

elongated forms and for this reason they were regarded as having an

animal nature; but it is now no longer believed to be so any more

than in the case of the moving vegetable zoospores. There are many
theories concerning the movements of Diatoms, but the most plausi-

ble one to me is, that heir motion is due to the process of imbibing

and emitting fluids in process of their vegetable life.

Diatoms may exist as individuals, singly or in loose families;

they are free or attached to other objects by little stipes, and are fre-

quently imbedded in a mucous secretion. The free forms are loco-

motive and may be seen in constant motion under the microscope.

In the process of reproduction they bear a close resemblance to

to the Desmids. They increase by division (whence the name from
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Diafomos, a through-cutting), which takes place, not transversely, but

longitudinally; and the lines which mark its progress are almost al-

ways visible in them. In this process of division new valves are

formed along the line of division, the old ones remaining on the outer

sides, and each new diatom cell having an old valve and a new one.

But sexual reproduction takes place by conjugation and by the forma-

tion of auxospores, which restores periodically the normal size of the

species.

Diatoms are quite abundant in the vicinity of Granville, Ohio,

some of them being rare specimens. The following list I have iden-

tified for the most part, by recourse to the photographic plates from

Aldolf Schmidt’s “Atlas der Diatomaecen-Kunde.”

CymbellcB gastroides, K.

Naviciila polystricfa, Gru.

Navicula polystricta, (var.
)
circumstricta, Grunow.

Naviciila sentelioides, Sm. Domb.
Naviciila Cynthia, A. S. Java.

Naviciila cnspidata. f
Navicula borealis.X

Navicula cryptocephala. J

Naviciila entomon.X E.

Navicula biceps. E.

Navicula latissima, Greg.J

Navicula consimilis, A. S.

Navicula lanceolata, K.

Navicula brevis, Greg.

Navicula latissima, (type), A. S.

Navicula longa, Greg.

Nitzscilia coaretala. J

Pleurosigma Spenceri, J.

Gomphonema acuminatum, E.

Fragilaria lanceolata. J.

Diatoma meridian -circulare. J

Friceratiiim solenoceros, E.

Friceratium Jensenianum, Grunow.

Friceratium venosum, Brighton.

f. Not typical, but probably a variety.

Identified by plates in Indiana Geol. Rep. Vol. II



Note.

—

Circumstances making it convenient to issue both parts

at once, what follows may be regarded as Part II of Vol. III.'



V.

NOTES ON PALEOZOIC FOSSILS.

BY AUG. F. FOERSTE.

CAMBRIAN.

Microdiscus punctatus. Saltei'.

{Plate XIII, Fig. 5.)

This species was described by Salter, (Quart. Journ. Geol. Soc.,

1864,) from the Lingula-flags of Wales, at Porth-y-Rhaw. The head

is semi-circular and the margins at the postero-lateral angles are slight-

ly bent out again, forming almost a right angle with the posterior mar-

gin. The margin around the lateral and anterior portion of the head

has an elevated border at the edge, which is cut transversely by nu-

merous short grooves, giving it the appearance of a row of minute,

closely set tubercles. The lateral lobes do not approach very closely to

one another in front of the glabella, leaving quite a distinct vacant space.

The glab’ella terminates posteriorly in a long spine. One of the ac-

companying figures, enlarged, represents the spines as equalling the

length of the head; another, drawn natural size, could under no cir-

cumstances be considered longer than two-thirds of the head, and in

fact is drawn only half as long. This would suggest that the spine of

the enlarged figure is overdrawn, or that it was of an exceptional

length. The middle lobe of the pygidium is said in the description to
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have seven segments. But the drawing of an enlarged specimen rep-

resents seven segments very plainly, and suggests an eighth, and even

a terminal indistinct tenth one by means of the shading.

In North America, in the St. John’s Group at Ratcliff’s Midstream,

New Brunswick, is found a very similar form. There seems to be

more variation in the form of the glabella, this often becoming more

or less distinctly lobate on either side. The lateral lobes always ap-

proach to within a short distance of each other anteriorly, being sepa-

rated by a deep groove rather than by a vacant space. The terminal

spines of the glabella is also extremely variable, being quite short and

rather blunt, or equalling two-thirds the length of the glabella, when

it is very slender posteriorly. The edge of the margin often presents

the milled appearance noted in the European form, this varying to a

series of closely set tubercules. The middle lobe of the pygidium

usually presents nine well marked segments and under favorable cir

cumstances some of the finest specimens will show a tenth quite dis-

tinctly, and even faint indications of two more. Both head and py-

gidiu.m are covered with minute granules.

Mr. Walcott, in his excellent monographs of our Cambrian fauna,

referred the American specimens to the Welsh species, with a certain

reservation on account of variations observed, and suggested the ap-

plication of the name proposed by Mr. Hartt, M.pidchellus^ in case

they were found to be distinct. Our own investigations lessen, rather

than increase the differences then observed..

CINCINNATI GROUP.

Lichas Halli, sp. n.

{ Plate ^\\\, Fig.

In 1842. Conrad described Lichas Trentcnensis from the Lower

Silurian rocks of New York. In the first volume of the palentologi-

cal reports of that state. Hall re-described it and at the same time il-

lustrated it in the accompanying plates. Among the illustrations on

plate 64, figure le, is a specimen from the vicinity of Cincinnati, and

manifestly distinct from the typical forms of Z. Trentonensis.

For the sake of comparison we have outlined (Plate XIII, fig. 8,)

the glabella and accompanying parts of Lichas Tre?itonensis as it occurs
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at Trenton Falls, New York. The sides of the middle lobe of the

glabella are but very slightly divergent posteriorly, reaching the occip-

ital ring without any change of direction, therefore not forming a pestle

shaped widening at the posterior end of this lobe. The lateral

lobes also reach the occipital furrow, their sides preserving the same

degree of curvature behind the palpebral lobes until they reach the

occipital furrow. The facial sutures extend from the palpebral lobe

with a short curve laterally and posteriorly to the posterior margin of

the head. The fixed cheeks occupy all of that portion of the head

which lies between the facial sutures, the palpebral lobes, and the lat-

eral lobes of the glabella. Beginning near the posterior termination

of the facial suture, a furrow, narrow but distinct, runs with a mod-

erate curvature along the movable cheek forwards, within a moderate

distance from the eye.

The Ohio specimens we propose to name Lichas Halli after the

illustrious state geologist of New York. The sides of the middle lobe

of the glabella at a short distance from the occipital furrow make a

rapid double curve laterally, then incurve slightly until they reach the

occipital furrow, giving by this means to the posterior end of the mid-

dle lobe of the glabella a shape somewhat like that of an apothecary’s

pestle, and which is characteristic of quite a distinct section of the

genus Lichas. The sides of the lateral lobes of the glabella converge

posteriorly and meet near the lateral edges of the pestle-like forma-

tion just described, but do not extend to the occipital furrow. Be-

tween the postero-lateral terminations of the lateral lobes, the lateral

portions of the pestle-like termination of the middle lobes, the occi-

pital furrow, and the fixed cheeks lie very marked lobes, which from

their proximity to the occipital furrow may be called occipital lobes.

In consequence of these lobes the inner posterior edge of the fixed

cheeks is considerably incurved. The glabella as a whole is rather

flattened above but anteriorly it curves rather rapidly down to the an-

terior margin of the head. The palpebral lobes are rather large.

There seems to be no distinct furrow on the movable cheeks running

from the anterior to the posterior sides of the same. The interpreta-

tion of the structure of the cheeks is not so clear from the specimens

at hand but seem to follow some of the more familiar types. The pos-

terior margin of the fixed cheeks namely curve forward, joins the pos-

terior margin of the movable cheeks, the latter curving backward and
forming with the anterior edge of the movable cheeks a broad pleura-
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like wing to the head. The occipital furrow continues along the pos-

terior margin of the fixed cheek as a deep furrow, but vanishes soon

after the movable cheek. The pleurae are about three-fourths as wide

as the axial lobe. The entire surface is covered with low granules,

none of which reach any great prominence. The specimen figured

was collected from the upper portion of the Cincinnati Group in Cler-

mont county, Ohio, by Mr. Clinton Cowen, who kindly presented it to

me.

Lichas breviceps as identified from the Clinton Group of Ohio,

shows similar structure of the glabella, but the occipital lobes are

small and produce no marked effect upon the outline of the fixed

cheeks. The palpebral lobes are also narrower. In the Waldron

type we have failed to discern the occipital lobes and if present at all

they must be very small. The palpebral lobes are howe,ver very prom-

inent as in the Lower Silurian form. The movable cheek is very dif-

ferent as may be seen in an outline drawing introduced into the plate

for the purpose of comparison.

UPPER SILURIAN—AMERICA.

Strom BODES pygm^us, Ro7ninger.

{Plate XIII, Fig. 1 8.)

In the Dayton limestone of Ohio, Mr. Van Cleve found a fossil

which he labeled as Saninula organum., Laifiarck. This is a form re-

sembling Rominger’s species above cited in apparently every particu-

lar except in the character of the elevations into which the pits of the

calyces are sunk. These are somewhat more prominent than the fig-

ure accompanying the original description would lead one to suspect
;

but the difference is not so great that our specimens might not readily

be a slight variation from the type. The interior of the pits is 2 mm.
in diameter. The elevations are referred to series in one direction

more readily than in any other, but still there is considerable variation

in the distance between any two elevations. Six millimeters is the av-

erage distance, but this varies rapidly in different parts of the same

specimen from 4 to 10 mm. The elevation of even the most promi-

nent malliform cones does not exceed 2 mm. It is noticed that the
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rug^ which striate the surface are more or less radial at the mouth of

the pits but as they descend the elevation they rapidly take a common!

direction and become quite parallel and more or less wavy between

the elevations. The direction of the striae then is transverse to the

direction in which the elevations are said to be more readily referable

to series. This arrangement is very common in the genus Smithia of

Edwards and Haine, a subgenus of Phillipsastma, D’Orbigny.

The specimen referred to this species by Mr. William J. Davis^

(Kentucky Fossil Corals, PI. 123, Fig. i,) has not the slightest resem-

blance either to the type or to the Onio specimen here under consid-

eration
;

it belongs rather to that smaller variety of S. pentagonus which

is usually regarded as typical of the species. S. incertus, Davis of the

same plate is a good medium sized specimen of the same species.

S. pentagonus. Fig. 3, of PI. 121, is a similar form with a slightly less

distinct margin around the pits in the centre of the calyces. S. siri-

atus. Fig. I, of PI. 122, represents one of the larger varieties. A form

slightly less in size, with more defined margins about the pits, is fig-

ured by Rominger, Fossil Corals, PL 48, Fig. r. His figure 2 ot the

same plate represents one of the smaller forms. The species is ex-

tremely variable both in the size of the calyces, and in the fineness of

their radial striations. Variation is however the normal condition of

species of wide geographical distribution.

S'

Sph^rexochus mirus, Beyrich.

{Plate XIII, Fig. 6 .)

Since Hall, in the GeoL Rep. of Wisconsin. 1862, separated Sp^,

Romingeri from Sph. mirus, on account of distinctions presented by
the pygidia at that time associated with undoubted glabellas of a spe-

cies of Sphmrexochus, it has been the fashion of American paleontolo-

gists to refer all American specimens to Hall’s species. To show that

this is probably incorrect, a description of the glabella of a specimen

obtained in the Guelph at Cedarville, Ohio, is appended, which will

be seen to agree even in the minutest details with the European forms

referred to Beyrich’s species.

Glabella almost hemispherical, slightly broader than long; two*

small lobes cut off a part of each side of the glabella at the occipital
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furrow, their diameter is about two-thirds of the distance which sepa-

rates them, or but slightly less. The groove defining these lobes, the

occipital furrow, the groove separating the fixed cheeks and then de-

fining the anterior margin of the glabella are all very distinct. The

facial sutures begin to define the fixed cheeks at a point near the

upper margin of the lateral lobes of the glabella, then they pass within

a moderate distance of the lateral lob^s to a place slightly behind the

middle of these lobes, after which they turn quite abruptly outward

and then curve backward to the posterior margin of the head. At a

point rather beyond the middle of the occipital border of the fixed

cheeks, near the edge, there is a low tubercle. On each side of the

glabella are two faint grooves which are readily overlooked, especially

in casts. When examined however with a magnifier, and with the

light thrown in the proper direction, they are really quite distinct.

I'he first pair lie about two-thirds the diameter of ihe lateral lobes

above their anterior margin; the second pair he about the same dis-

tance beyond the second. Being short they are not readily seen in a

view from above. The head parts of the Ohio specimens are therefore

seen to agree perfectly with those ol the European Sph. minis. 'Fhe

pygidium associated with the Wisconsin species l)elongs to Ceraiiriis

Niagarensis, as Hall himself afterwards noted. We fail therefore to

discover what the distinguishing features of Sp/i. Romingeri are, but

Ohio specimens at least belong to Sph. minis.

UPPER SILURIAN.—

A

USTRALIA.

EnCRINURUS B^OWNINGI, sp. 11.

{Plate XIII, Fig. 7 .)

The glabella is very much rounded and inflated for about two-

thirds its length anteriorly, the posterior third is much narrower, about

half the greatest width of the anterior parts, slightly widening behind,

thus giving a marked concave outline to the sides of the glabella. The

occipital furrow is itself not very deep, but the border behind it is ele-

vated to such a degree as to give it some importance. Along the pos-

terior lialf of the glabella the tubercles are arranged in quite distinct

transverse rows. In the specimen figured, the first three rows have
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four tubercles in each, the first from the occipital groove being quite

small, increasing in size rapidly in the other two. The fourth row con-

tains six tubercles of large size. After this the tubercles remain large

but have no longer a regular arrangement transversely. The large

size of the tubercles is very marked and characteristic. The eyes are

about in line with the space between the second and third row tuber-

cles. The groove separating the fixed cheeks is very deep. The

fixed cheeks begin a slight distance behind the widest part of the gla-

bella. The distance between the eyes is equal to the length of the

glabella and occipital ring. Posterior to the eyes, the facial sutures

make a sharp angle with the continuation of the occipital furrow.

Immediately behind the eyes there are two rows of small tubercles

which soon merge into one. Between the eyes and the glabella are

the largest tubercles on the fixed cheeks, but even there are much
smaller than those of the glabella. The continuation of the occipital

furrow over the fixed cheeks is deep and narrow at first, rapidly widen-

ing and becoming shallower towards the postero-lateral margins of the

head. The posterior border of the head is distinctly raised, defining

the occipital furrow very well. If very carefully examined it shows

low tubercles along its summit, but these might be readily overlooked.

Mr. S. G. DeKoninck, in Foss. Pal. Nouv. Salles du Sud., cites

the occurrence of E. punctatus, Brunnich at Yass, 8 mi. southeast of

Bowning, and also at Duntroon. But our specimen is evidently not

of that species. The fact that the postero-lateral ends of^'the head in

that species are sharp, acutely pointed would be sufficient to distin-

guish that species from ours. The shape of the glabella is also very

different, as is well shown by a typical European specimen which has

been introduced into our plate for the sake of comparison. Since the

specimen from Duntroon however is said to be quite perfect we may
also safely add that our specimen belongs to a different species from

that of Duntroon as identified by DeKonnick.

Mr, R. Etheridge, Jr., has cited the same species, E. piinctatus^

from Bombala, but the material was not entirely satisfactory.

Mr. S. G. DeKoninck described loc. cit., a new species E. Bar-

randei ivom Yarralumla. He says however that the furrow separating

the fixed cheeks from the glabella is feebly indicated, whereas in our

specimens it is very marked. It resembles our specimen in the entire

loss of the pointed ends of the movable cheeks which are so promi-

nent in E. punctatus. Judging by the figure the tubercles are consid-
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erably smaller on the glabella, and far more numerous
;
there is a

greater distance between the eyes and the continuation of the occipi-

tal furrow, and this is occupied by a greater number of rows of tuber-

cles, three. This is evidently the most closely related species, but if

his drawing is at all correct then our species is quite distinct.

Encrinurus Mitchelli, sp. n.

XIII, Figs. 2, 3, 20.)

Glabella anterior to the facial suture not known in the larger

specimen; the facial suture gives the anterior outline 6f the remainder

of the glabella an evenly rounded appearance. The sides of the

glabella are moderately concave, widening anteriorly, having the

greatest breadth at two-sevenths its length from the occipital furrow.

On either side along the dorsal furrow are a row of large and very

conspicuous tubercles or lobes which form a marked contrast with the

rather small tubercles on the remainder of its surface. In the speci-

mens before us there are five of these
;
the fiist is compressed antero-

posteriorly, the next three are well develeped, and the fifth is con-

siderably smaller than these. The remainder of the glabella is rather

thickly set with small tubercles. The fixed cheeks also have more

conspicuous tubercles along the dorsal furrow, of about half the size

of the corresponding tubercles on the glabella, and alternating with

them, the eyes are about equally distant from the dorsal furrow and

the continuation of the occipital furrow. Posterior to the eyes the

facial sutures form a very sharp angle with the occipital furrow cut-

ting the lateral margins of the head just at furrow; at first two rows

of small tubercles separate them, quickly merging into one. The

tubercles increase in size toward the dorsal furrow. A moveable

cheek belonging to the more broken specimen shows that the deep

dorsal furrow after sharply defining the anterior part of the fixed

cheeks, makes an equally prominent depression as it enters the move-

able cheek, quickly decreasing in depth and broadening as it turns

backward along the margin of the head. The part anterior to this

groove according to the general morphology of the genus Encrinurus

once must have formed the anterior part of the glabella. Like the ad-

jacent parts of the glabella, it is covered with small tubercles. The



OE DENISON UNIVERSITY. 125

cheeks posterior to the grooves have but few tubercles and these are

also small. The occipital furrow is well marked, and the occipital

occipital margin is raised and distinct. The thorax is composed of

twelve segments. The middle lobe is about three-fifths as wide as the

lateral lobes. If characterized by well marked tubercles the speci-

mens before us do not show them. The pygidium is triangular,

broader than long, in the ratio of seven to five. The central lobe an-

teriorly is equal to about half the breadth of the lateral lobes. The
lateral lobes with nine distinct anchylosed segments, with a possible

tenth. These apparently without tubercles. The middle lobes with

about twenty-eight transverse ridges. In casts these are broken or

even indistinct along the middle of the lobes. Beginning with the

fourth ridge every fourth succeeding ridge bears a tubercle at the

middle. While studying the EncrinuridcF, the question has often raised

itself whether tubercles prominent in the cast might not be entirely

absent on the surface of the pygidium itself but unfortunately we have

never had the proper material to determine this question.

Two species closely related to E. Mitckelli have already been

described from Australia by Mr. L. G. DeKoninck. The first is

Cromus Bohemiciis^ Barrande. A comparison with the Bohemian

species however shows marked differences. The large tubercles at the

dorsal suture are in the Bohemian species represented as lobes with

the smaller tubercles of the remainder of the glabella also present

on them. The eyes are farther removed from the occipital furrow.

There are twelve well marked ridges on the lateral lobes of the pygid-

ium, the summit of which is represented as being flat while in ours

they are distinctly rounded. The sides of the pygidium are also rep-

resented as being denticulated; in our specimens traces of a similar

structure are visible but they are not sufficiently distinct for delinea-

tion. The description of the specimens from Yarralumla makes it

probable that these are also distinct although closely related.

The pygidium of the second species described, Cromus Murchisoni^

L. G. De Koninck is said in the text not to have been found. The

pygidium figured in the plate and mentioned in the explanation ot the

same, undoubtedly was associated by him with his Encrinurus Bar-

randei of the same plate, and agrees well with his description of that

species. Cromus Murchisoni is readily distinguished from our species

by the absence of the large tubercles along the dorsal furrow, the ar-

rangement of the posterior tubercles in transverse rows (a fact not
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observed in ours; indeed it suggests in this our first species, but the

anterior of the glabella is not round; the drawing evidently leaves

much to be desired)
,
and the greater distance of the eye from both

dorsal and occipital furrows.

Phacops serratus, sp. n.

{Plate XIII, Fig. I.)

Head with semi-circular outline, almost twice as broad as long.

Anterior lobes of the glabella equalling eight-elevenths of the length of

the head; its anterior margin, instead of being regularly rounded as is

usual in most species of Phacops, is rounded most at the middle of its

outline and at its junction with the dorsal furrow, giving the interme-

diate outline on each side a somewhat compressed appearance. The

curvature of the sides of the glabella is small, they converge posteriorly

and form an angle of about seventy five degrees with each other.

With the exception of a faint median elevation the surface is quite flat,

above bending rather abruptly into the dorsal furrows and at the anter-

ior margin even becoming incurved. The specimen is slightly

exfoliated so that it is impossible to say if there were any grooves on its

surface, but if so they must have been rather inconspicuous. It is

covered however with low small tubercles. This lobe of the glabella

is defined posteriorly by a furrow which is quite marked at the sides,

but toward the middle it becomes very shallow forming a sort of axis,

and curving more or less forwards. This furrow cuts off from the

remainder of the glabella two small posterior lobes, at either side con-

siderably depressed below the general level of the glabella and

terminated with a small knob, posteriorly it is defined by the well

marked occipital furrow. 'The occipital ring is very broadly subtrian-

gular and is terminated with a distinct, short, pointed projection,

which repeats itself on all the segments of the axial lobes of the thorax,

gradually becoming indistinct, and vanishing soon after reaching the

first ring of the axial lobe ot the pygidium. 'Fhe eye has a reniform

outline and extends from a short distance behind the point of greatest

width of the glabella to within a short distance of the continuation of

the occipital furrow. The palpebral lobe is strongly defined by^a very

distinct furrow which also outlines the posterior parts of the. eye.
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There are sixteen vertical rows of lenses in the eyes and the largest

row seems to have contained nine lenses, but this can not be determin-

ed since the eye seems to be a little injured below. That part of the

fixed cheek which lies between the eyes and the dorsal furrow seems

strongly arched, behind the eye this cheek is very narrow and then it

widens but moderately before meeting the occipital furrow, which

curves forward along the side of the head and here, meeting the fur-

row defining the posterior part of the eye, bends forward giving great

relief to the eye, and running in a much less distinct form along the

base of the incurved front of the glabella. The occipital lurrow is

everywhere very distinct. The postero-lateral outlines of the head are

rounded. The thorax consists of eleven segments, 'The middle lobe

is almost as broad as the lateral lobes, on account of the quite sudden

lateral deflection of the pleurae at about half their length. I'he sides

of the segments of the middle lobe are more or luss curved forward,

and are slightly thickened. The length of the pygidium is equal to

about two-thirds its width. The middle lobe of the pygidium at its

anterior portion is about two-sevenths as broad as the pygidium
;

it

tapers quite rapidly posteriorly. It is marked by seven transverse

rings of which the sixth is very low and the seventh is very indistinct.

The pointed tips already mentioned are readily noticeable only on the

first ring, on the second they are represented by a low granule, on the

third this becomes indistinct, on the fourth they disappear. The lat-

eral lobes are marked by six ridges of which the sixth is indistinct,

d'he first ridge is quite broad and is marked by a well defined although

shallow furrow. On the second ridge this furrow becomes narrower^

on the third it is no longer noticed. The furrows defining the middle

lobe are distinct and give it a high relief.

In Prodr. Pal. Victoria, Dec. III. 1876, Prof. McCoy described

from the Upper Silurian beds at Yering Fh. fecundns, Barrande.

Since this is the species most closely related to ours we compared our

specimens with the Bohemian species with the following results. In

the Bohemian species the compression on each side along the-anterior

of the glabella is not noticed, this part of the glabella being evenly

rounded. The anterior lobe of the glabella is characterized by distinct

narrow lunate furrows, of the arrangement typical with this genus.

The middle lobe of the pygidium is less tapering posteriorly, and con-

tains eight well characterized transverse rings in addition to a small

terminal piece. The ridges or anchylosed segments of the lateral lobes
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are all distinctly grooved along their summit. The feature upon

which we place the most stress however is the line of pointed elevations

along the median line of the animal, beginning with a very conspicuous

termination of the occipital ring and ending with a few low granules

on the pygidium. These give the axial lobe when viewed from the

side quite a serrated appearance. If these be not of specific value,

the species fails and becomes mere variety.

CyATHOPHYLLUM AUSTRAI.E, Sp. 11.

[Plate XIII, Figs. 12, 13, 14.)

Externally the polyp is marked by quite distinct costae. The

polyp is conical, slightly curved, the side towards the apertural gap

being the more convex one. Fine striae or lines of growth, with

wrinklts of no prominence, pass around the polyp. Lamellae in

the calyx, 40, low and rounded, nearly rounded above, half of them

disappearing soon after reaching the bottom of the calyx. Between

the lammellae in the groove is a series of minute points, about ii of

which occurs in a length of two mm. Length of polyp, 16 mm •

breadth, 10 mm, depth of calyx at least 5 mm,, it may have been a

little greater. Found in the hardened grey-brown shales east of

Bowning Hill, Bowning Parish, New South- Wales, Australia.

Presented by Mr John Mitchell.

In Pal. Foss, of Cornw. Dev. and W. Som. Mr. John Philips

figures under the name of Turbinolopsis bina, Lonsdale a species present-

ing many of the characteristics of the Australian species. A row of

small pits is found in the bottom of the grooves, but they are less

numerous. The line of elevation between the pits is also noted in the

Australian form, but the denticulations of the lammellae noted in the

English spec'es are absent or at least not noticeable in our specimens.

A form similar to the last is described by Mr. Rudolph Ludwig in

Coroll, aus Pal. Form, under the name Zaphrentis caudata. The num-

ber of pits in the groove between the lamellae is larger than in the

English species; the denticulations of the lamella are smaller in num-

ber than the pits between them agreeing in this with the English

species. The calyx is deep, at the centre it seems from the casts to

be still further depressed, and on the side there seems to have been a

distinct septal fovea. These species all agree in having a deep calyx.
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the lamellae along the calyx are low, not reaching into the calyx, and

instead of small transverse leaflets between the disseppiments as in

Cyaihophyllum, there are only minute pits. They however belong to

that class of fossils typified by Cyathophyllum and form a connecting link

with Zaphrentis. The pits may be said to represent the spaces between

the disseppiments in Cyathophyllum, and the denticulations in the last

two species, the coarser denticulations of the sub-genus Heliophyllum.

We think it convenient to establish another subgenus for these

aberrant forms and as such suggest Palceocyathus.

CYATHOPHYLLUM PATULA, Sp. n.

{Plate 'Zlll, Figs. 9, 10, ii.)

Polyp very much much broader than long. One at hand is 10

mm. high, 35 mm. broad in one direction, and 29 mm. broad in a

direction at right angles with the last. Another specimen was 8 mm.
high, 42 mm. broad in one direction, and about 34 mm. at right

angles with this. A third specimen was about 9 mm. high and 22

mm. broad. So that the variation is evidently a matter of breadth

more than that of length. The shape of the polyps would indicate as

much. For a distance of about 8 mm. from the centre the base of

the polyp shows its greater convexity, or rather, increase in hight,

and this is also the thickest part of the polyp itself. Beyond this

raclius it rapidly grows thinner, its thickness usually being 2 mm. or

less, so that in a large sized polyp there may be a thickened centre of

about 16 mm. diameter and a very fragile border of 12 mm. or more

entirely around the margin. This border is always flattened on the

side of the central gap. The entire coral is always curved very

decidedly upwards on the side of the apertural gap. Sometimes this

curvature is even and rounded, often it is more or less irregular and

broken by striae of growth. This difference in growth between the

side at the central gap and that at the apertural gap places the centre

of the coral always considerably closer to the apertural gap. In the

first specimen above noted the centre of the coral is 1 1 mm. from

the apertural gap and 16 mm. from the central gap. It may be

noted that in all corals of this group I have examined the side of

greatest curvature was always on that of the apertural gap, and that if



130 BULLETIN OF THE LABORATORIES

anywhere a concave curvature took place it appeared strongest near-

est the base of the coral on the side of the central gap. Exteriorly

the coral is marked by the radiating costse, by lines of growth, which

usually are not very prominent nor closely set, and by much finer con-

centric striae, best seen by aid of the magnifier. Interiorly the polyp

is seen to be composed of a large number of lamellae, among which

there is very little increase by intercalation, this usually taking place

through successive implantations at the various gaps. As might be

judged from the thinness of the coral, the lamellae are not very much

raised above the epithecal covering. Excepting near the center they

are little more than low ridges. At the center they seem to be slighlly

twisted together and to be slightly depressed, forming a narrow shallow

cup
;
our specimens do not show this part well. The number of the

lamellae of course varies with the breadth of the specimen. In the

first specimen mentioned there were about 130; the average is 12 or

13 along the margin in a distance of 10 mm. A cross section near

the center of the coral shows that at this point the lamellae are thin

and are crossed by vesicular tissue. The lamellae along the sides

are much indented in a manner similar to that characteristic of the

subdivision of this genus known as Heliophyllum. I however know of

no form of this genus which has any resemblance to this species.

Like the species last described it forms an interesting aberrant varation

of the genus.

It will be noticed that S. G. De Koninck quoted Ptycophyllum

patellatiun, Schlosheim from Dangelong. This is a species very

similar in form, may however be ever be superficially distinguished by

the fact that it has conspicuous elevations of long and short lamellae,

and that these begin to be twisted already at a short distance from

the centre.

CYATHOPHYLLUM BOLONIENSE, Blainvilk}

{Plate Fig. 15 .)

Corallum composed of numerous polygonal polyps. Polyps

typically five or six sided, but often with four, seven, or eight sides
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on account of the unequal compression of the polyps. Their walls

are not perforated, those of adjacent polyps are not intimately con-

nected so that in case of fracture, the coral often splits along the

middle of these walls Weathering will often loosen the polyps in a

similar way. d'he broken coral then assumes a columnar appearance.

The columns are longitudinally corrugated at regular intervals by

continuous ridges, five or six on each side of its polygonal outline;

and also transversely corrugated, but at very irregular intervals.

There are also numerous transverse striae, which appear under a lens.

Interiorly it consists of about thirty-five lamellae which extend from

the walls towards the centre. The greater part disappear before

reaching a distance within one milllimetre of the centre, and of the

rest occasionally one or two reach the very centre; in that case some-

of them sometimes seems to pass on for a slight distance beyond the

center. The spaces between these lamellae are occupied by vesiculose

leaflets or dissepiments.

We do not believe that this species is really identical with the

French species, but the structural similarity is greater with this species

than with any other known to us. The Australian form however has

a smaller number of lamellae, in a cross section they are seen to be

often more or less wavy, and not uniformly straight as our figure

would indicate, the number of disseppiments is also slightly less

numerous than there represented. The general effect is however well

given. These minute differences were noticed after the drawings

were made. It differs from C. hexagonum, Goldfuss in the absence of

a zone of thickening in the lamellae about the centre of the polyp.

From C. rugosum, Edw. and Haine. it differs according to Rominger’s

identifications, in the much smaller number of dissepiments, and in

the fact that the lamellae do not lose their character at a certain dis-

tance from the centre and then continue are mere ridges over the

tabulae. The interior termination of the lamellae is far more regular.

While our specimens show a close structural affinity with C.

Boloniense^ the fact that we have not well preserved views of the

calyces prevents our determining whether the slight variations

observed are specific or varietal in nature.

ENDOPHYLLUM .

{Plate XIII, Figs. 16, 17.)

Corallum composed of numerous polyps, polygonal or hexagonal
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in oulline and separated by thin walls. These walls are most readily

detected in weathered specimens, on account of yielding most readily

to the dissolving action of the atmosphere. In cross sections

they are seen as thin wavy outlines separating the vesiculose

tissue of adjacent polyps. On account of the confused structure of

this tissue these walls are then seen only on careful examination, but

then they are marked enough. The interior of the polyp is filled with

vesiculose tissue about the walls without traces of lamellae, next comes

a zone in which the vesiculose tissue is combined with radia-

ting lamellae, the vesicular tissue itself becomes more regular in

arrangement and tends to combine in more or less circular rings

around the more central portions of the polyp. Near the centre these

rings usually become suddenly indistinct or entirely vanish. In this

case they represent the more typical characters of the genus. In

adjacent polyps the variation may be more gradual and then one of

the more conspicuous characters of the genus fails. In one of the

numerous polyps with this compound structure which may be taken as

typical, the diameter of the entire polyp is 9 mm; the diameter as far

as the exterior limit of the area of mixed lamellae and vesiculose tissue

is 5 mm. The diameter of the last easily seen ring at the interior

limit of the vesicular tissue is 2.5 mm. Longitudinal sections show

the vertical lamellae towards the centre and the vesicular tissue quite

strongl)^ ascending forming on the average an angle of about thirty

degrees with the centre of the polyp although this of course is very

variable.

Spongophyllum Sedgivicki^ Edwards and Haim in British Fossil

Corals, plate 56, figure 2d, is a similar form but smaller. The Austra-

lian species is new. A description of the calyces is still necessary

before science can be burdened wiih another name. When that is

accomplished spongo^ylloides might not be an inappropriate term.

C
, > 11*7)

Pleurodictyum problematicum, Goldfuss ?

{Elate XIII, Ftg. 22.)

Fossils found in the form of casts. Corallum compound, com-

posed of polyps intimately united by their walls. The walls are per-

forated, the perforations connect the cells of adjacent polyps. The

base of the corallum is flat; there being no polyps here to connect the
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base of the corallum is flat; there being no polyps here to connect

the casts show no traces of connecting perforations. This base of the

corallum we know from analogy to have been covered by an epithecal

membrane, but that part of the cast has not been seen. d"he upper

surface of the corallum was broadly convex. The separate polyps

were internally grooved longitudinally. The grooves are shallow,

and rounded, and vary in number. There are usually from 25 to 30

of them in each polyp cell, and 10 to 12 of these are usually found on

that side of the polyp which lies against the epithecal membrane in

basal polyps. Between these grooves are raised areas or ridges, also

rounded, bearing numerous low, round, pointed tubercles. They

are so small that they do not merit the name of spines. These spines

may occur as a single irregular series, or in two or three irregular

series. Sometimes they are very irregular in arrangement, at other

times the arrangement in series is verv readily noticeable. All these

variations take place in the same corallum. The earlier formed basal

cells are usually pressed more or less out of shape below on one side,

so as to form a pseudo -base. 'Those later formed have quite regular

polygonal outlines, excepting that the side adjacent to the epithecal

membrane is always larger than the rest. Diameter of base of coral-

lum 29 mm. A much smaller specimen, 12 mm. broad presents every

feature of the former excepting that there is a polyp cell in the centre

flattened around the very base so that the pseudo-base is radiably

striated, and the longitudinal ridges along the cell walls are more

prominent, It seems however to be merely a young specimen.

In 1829, Goldfuss in Petref. Germ, published a fossil under the

the name of pleiirodictyiim problematiciim. This is entirely similar to

the Australian species generically, differing however strongly in the

possession of a tubular coiled body which is more or less interwoven

with the base of the coralites. This body is found to be frequently

not present and hence is regarded as only a parasitit organism and

hence not a proper character of the genus.

In 1842, De Koninck established the genus Michclinia.

In 1851, Edwards and Haime in Polyp. Pal. associated under

Pleurodictyum prohlematicum Goldfuss three distinct types. The first is

that described by Goldfuss. The second consists of a colony of

polyps without vertical ridges or series of tubercles. The third has

vertical ridges but no tubercles. A fourth specimen had vertical
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ridges strongly marked
;
we do not however know whether it belongs

to the first or third types.

In 1866 Mr. Rudolph Ludwig in Cor. aus Pal. Form, divided

PleiirodictyiLin into two genera, giving each a new name, thus prac-

tically abolishing this genus. Pkhychochartocyclus contains those

forms in which the interior walls of the polyp have longitudinal ridges,

and these ridges are beset with distinct tubercles. Tacniochartocyclus

contains those forms in which the ridges are not beset with tubercles

but are smooth. They correspond to the first and third types of

Edwards and Haime.

In Kentucky Fossil Corals, Mr. William J. Davis figures a new
genus, Pi'octeria. The figures seem to indicate the existence of mural

pores connecting the. polyps and also of tubercles ornamenting its

interior. An examination of numerous specimens show that the

character of the ridges is extremely variable m both tuberculated and

non-tuberculated forms, and that they are often absent. At any rate

we do not find in the figure of Procteria any thing to distinguish it

from Ptchychochartocyclus, and this is only a synonym of Pleiirodictyuni

even if it be indeed considered necessary to subdivide the genus. It

will be therefore a matter of interest to learn what the forthcoming

text may have to offer on that subject.

Forms have been referred to Pleurodictyum problematicitm from

various localities in North America and with a range from the Onon-

daga Group of New York to that of the Waverly Group in Ohio. We
believe that on study these would be found to belong to several dis-

tinct species. Notwithstanding this range, the large celled forms of

corals which pass under the name of Pleurodictyum are usually typical

of Devonian strata, and are found there most frequently.

Pleurodictyum has been identified by Rominger and Lindstroem

with Favosites and Michelinia. The type of the genus is more of the

character of Michelinia. It seems to us therefore that Pleurodictyum

has precedence over Michelinia. It contains typically the species of

Goldfuss, the first type of Edwards and Haime, Ptchychochartocyclus

stigmosus, Ludwig, and apparently the Procteria of Davis. If it be

considered admissable to separate the forms without the tubercles,

Ludwig’s genus Taeniochartocyclus has the precedence.

We prefer also 10 retain the name Pleurodictyum for the Austra-

lian form in particular, becaiue the vesiculose tissue of Michelinia has

not as yet been seen in Australian specimens. For a discussion of the
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genus Pleiirodictyum Nicholson’s work, Pal. Tabulate Corals should

be examined. The Australian fossils here described are part of a

series kir\dly forwarded to us by Mr. John Mitchell of Bowning.

They have all been obtained in the district near Bowning, New South

Wales, Australia. The fossiliferous rocks here are all referred to the

Upper Silurian Group. They form a great synclinal basin from east

to west. Near the base of the exposed series is a bed of hardened

greyish-grown shale about 50 feet thick. This has furnished the

tribolites the first two species of Cyathophyllum and the Pleiirodictyum.

Beneath this bed of shale is a layer of limestone containing many
corals. From this we obtained Cyathophyllum Boloniense and the

Endophyllum. The tribolites are all characteristic Silurian types.

The corals have their nearest analogues in the Devonian formations.

We find associated with the tribolites also two species of Pinnatapora

or Glanconome, Goldfuss. Species of this genus usually occur in car-

boniferous and sub-carboniferous strata, and are not known to descend

below the Devonian series elsewhere. It is evident from these

remarks that a careful study of the fossils of this district would be an

unusually valuable contribution to the study of paleontology.

.. S'

CARBONIFEROUS.

Chainodictyum laxum, Foerste.

Siuce the first publication of this species we have obtained good

casts of the porifous face. This shows that the cell orifices are elon •

gated and are arranged in oblique rows across the branches
;
their

partition walls appear at the surface as more or less wavy, usually in

osculating striae. Two or three cells occupy the width of a branch.

McCoy in Carb. Foss. Ireland, published Retepora undata with

the following description : “Irregularly cup-shaped, interstices anas-

tomosing, flattened
;
fenestrule ovate, pointed at one end

;
poriferous

face with five or six rows of pores in quincunx
;
reverse with waved

or scale like, semicircular ridges. This species we have seen Irom

Kildare and identify with our genus. The lunate cross -strialions on

the reverse side are also conspicuous. The cell apertures are sim-

ilarly elongated and bordered by raised ridges. Compared with our

species however the branches are much coarser and broader
;
being
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usually a millimetre
(
or slightly more

)
wide, whereas the branches

of the American species have a width of .3 to .38 mm.

Lophophyllum profunda. Edwards and Haime. ^

( )

In 1851, Edwards and tiaime published in Polyp. Terr. Pal.,

under the name of Cyathaxonia profunda * a description of a coral col-

lected at Flint Ridge, Ohio, which curiously enough was overlooked

in preparing the catalogue of Flint Ringe fossils for the second vol-

ume of this bulletin.

Curiously enough both Edwards and Haime, and McChesney

refer their species to Cyathaxonia, after Lophophyllum had been

already established. To us indeed the two genera seem to be very

distinct, but there is no doubt that the species here under considera-

tion is far more closely allied to Lophophyllwn Konincki than to

Cyathaxonia cornu, the types of the two genera. In deference to the

opinion of those who have made a special study of these genera we

leave them separate, and refer our species to Lophophyllum as is the

American custom at present. We believe however the L. proliferum

is only one of the many varations of L. profunda, and should give

place to the latter name.

^ “ We know this species only by the interior east of its calyx. The cast shows that the

calyx was subcircular and deep ;as it is more developed on the side of the septal fossette we
think that the polyp was curved. The eolumnelia is long and its transverse section sub-

elliptical , 24 principal laraellse quite large, well developed, alternate with an equal num-
ber of much smaller ones and arrange themselves about the eolumnella in a somewhat
branched manner. Diameter of the calyx, 18 mm ; its depth. 15.

This is really a very g-ood eharac.fcerization of Ohio specimens in the form in which

they are usually found. But after considerable pains we found a few specimens which pre-

served the fossil itself. These in the last bulletin we identified with Cyathaxonia

pROLiFERA of McChcsney. On Plate XII we figured the fossil itself, and on Plate II may be

found an illustration of the cast.
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PLATE XIIL

Fig. I. Phacops serrafus, n, sp

:

the head accidentally removed a little from

the thorax in the rock.

Fig. 2. Encrinurus Mitchelli, n. sp. part of the head missing.

Fig. 3. Encrinurus Mitchelli, n. sp

:

a fragment, shovidng the large tubercles

at the dorsal furrow of the head
;
a typical specimen.

Fig. Lichas Halli, n sp.

Fig. Microdiscus punctatus Salter ; head, Museum Com. Zoology, Har-

vard Univ.

'Fig. 6. Sphcerexochus mirus, Beyrich ; a glabella and fixed cheek.

Fig. 7. Encrinurus Bozvningi, n. sp. glabella and fixed cheeks.

Fig. 8, Lichas Trentonensis, Conrad

;

head, outline, Mus. Comp. Zool.

Fig. 9. CyathophyHum palula, n. sp ; a cross-section of unusually wrinkled

form.

Fig. 10. Cyathophylium patula, n. sp ; the lower side of two polyps.

Fig. II. Cyathophylium patula, n. sp. \z. few lamellae enlarged.

Fig. 12. Cyathophylium australe n. sp. the exterior of the calyces seen from a

cast, partly restored.

Fig. 13. Cyathophylium australe n. sp •, a cast. ^

Fig. T4. Cyathophylium australe n. sp', 2, few lamellae and grooves enlarged.

Fig. 15. Cyathophylium Boloninense, Blainville

;

a cross-section.

Fig. 16. Endophyllum
{
sphongophylloides ? ) a cross-section.

Fig. 17. Endophyllum ; the same, a vertical section.

Fig. 18. Stromboides pygmceus, Rominger

;

part of a corallum collected by

Mr. John Van Cleve.

Fig. 19. Encrinurus punctatus, Brtmswick ; a European specimen, figure taken

from the wo^-k Fr. Schmidt, on East Baltic Silurian Trilobites.

Fig. 20. Encrinurus Mitchelli, n. sp ; a moveable cheek.

Fig. 21. Lichas breviceps, Llall, Waldron, Indiana, Mus. Comp. Zool.

Fig. 22. Pleurodictyum problematicum, Goldfuss? View of base of casts, the

epitheca being gone.

ERRATA.

Page 122, instead of Encrinurus Browningi E. Bowningi.

Page 132, instead of Spongopylioids read Spongophylloides.
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ERRATA

Page 1 2. For Lingula waeri.yensis, read L. waverliensis.

Page 14, For Chonetes tumidus, read C. tumida.

Page 18. For L. wavelyensis, read L. waverliensis.

Page 24. The figure referred to as Fig. 12, of Plate III, has been omitted

from the plates.

Page 29. For Allorisma consaguinatus, read A. consanguinata.

Page 37. Under bibliography, for Macordon. I'ead Macrodon.
Page 38. Under C. ovata, for Plate IV. Fig. 6. read Fig. 5.

Page 43. et seq. The proper orthography is probably Pal^aneilo.

Page 44. ForNucuLA houghtoni, Stev., read N houghtoni, Win.

Page 45. For Flemingia stultus, read F. stulta.

Page 54. FAr Phillipsia (Proetus) auriculatus, read Proetus (Phllip-

siA?) AURICULATUS, and make the same change in case of P. praecursor.

Page 54. For Phillipsia meramacensis, read P. meramecensis.

Page 78. For Plate IV, read Plate XIV.

Page 99. Correct the numbering of the paragraphs.

Page 100. For Sliuzodus, read ScHizoDUS.

Page loi, (16). Add, at end, 100 feet.

Page 107. Six lines from bottom, for elike, read like.

Page 118. Under Plate III. instead of Leiorhyncnus, read Leiorhynchus.



We embrace this opportunity to extend pubiic thanks to those

who have aided in the work here represented. To Prof. L. E. Hicks

for a valuable collection of New England plants collected by A. R.

Crandall. To Prof. W. H. Johnson for a fine suite of fresh-water

vertebrates, mostly fishes, from the Ohio river. To Mr. Geo.'W.

Spellman for a collection of Trenton fossils from Southern Wisconsin.

To Mr. J. A. Smith for a collection of about fifty plants from Mercer’s

Bottom, West Virginia. To numerous scientific societies and individ-

uals who have added to our library. To all who, by word of cheer or

pecuniary aid, have encouraged the project of enlarging the scope and

increasing the efficiency of the scientific departments.

We present herewith an elevation and diagrams of a building in-

tended to accommodate the scientific departments of one of the smaller

colleges. The plan was suggested by the departments and has been

elaborated by the Messrs. Richards, architects, of Newark, O. The
design was to comfortably house and provide for such an outfit as

would best subserve the requirements of a modern college with less

than five hundred students. At the same time, the building is so ar-

ranged that, by the removal of a few slight partitions, it is easily

adapted to the sole use of the departments of Geology and Biology,

and the necessary museums and laboratories. The following advan-

tages incident to this plan should be noted. The space is rigorously

economized. The museum is essentially distinct from the laboratories

and class-rooms, yet is closely united to both, as well as convenient to

the entrance. In this way the museum may be rendered fireproof

without fire-proofing the entire building. The class-room of geology

is so arranged that, by removing iron shutters which move on weights

the gallery of the museum is instantly brought within the view of the

entire room, thus enabling the instructor to point out the various geo-

logical periods as illustrated by the charts and cabinets without dis-

turbing the recitation. A door leads from the geological class-room

to the gallery and from the preparator’s room to the first floor of the

museum. The single large lecture room is equally eligible to both de-

partments and is of the amphitheater style so much in vogue abroad.

There are approaches from wdthout, as well as from the hall, so that



classes may leave the building without disturbing others engaged in

laboratory practice. The first, or basement floor, is devoted to a light

and convenient work-shop. The shaft running the iron and wood-

working machinery is continued into the lathe room of the lithological

laboratory. The laboratories for physics are supplied with firm piers

for delicate instruments, while microscope tables in the biological

rooms may be so bracketed to the walls as to be quite independent of

possible floor vibrations. A large and well-lighted room in the attic

may be used in any way desired. The following added particulars are

furnished by the architects :

The building will cover a space 56 ft. 8 in., by 79 ft. , exclusive of

entrance porches or tower projections. The octagonal museum room

has a projection of 22 ft. 6 in. The materials used in construction

will be native freestone and pressed brick, trimed with Kilbuck brown

sandstone, and, for the roof, slate and iron. The interior should be

furnished in cherry, oak and ash. The building will be heated by

steam, lighted by electricity from dynamos in the basement, and ven-

tilated by the latest improved methods. Water plumbing throughout,

with toilet rooms and the L. B. Robb patent crematory closet system

complete the appointments of the building proper. The estimated

cost falls between $25,000 and $35,000, depending upon the details

of construction.

Explanation of Diagrams.

A. Museum.

B. Biological preparation room with dark-room and closet.

C. Halls.

D. Elevator shaft.

E. General physical laboratory.

G. Delicate instruments.

H. Lecture room, with raised amphitheater seating.

I. Chemical preparation room.

K. Physical preparation room.

L. Chemical laboratory.

M. Lift.

N. Stock room and dark room.

O. Balance room. Spectroscope room adjoining dark room.

P. Mineralogical laboratory.

Q. Class-room of mineralogy and geology, separated from gal-

lery of museum by glass sash and a steel shutters.

R. Chemical laboratory study. Organic and gas analysis.

S. Biological laboratory.
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PLATE XV.



LITHOLOGICAL NOTES ON CONTACT PHENOMENA IN

SOUTH CAROLINA.

By Gary F. Richards.

[Read Before Denison Scientific Association, May, 1888,]

The rocks treated in this article are from Spartanburg Co.
,
South

Carolina. They were obtained by Prof. Herrick, while on a geolog-

ical trip through those states last summer vacation, and kindly given

to me for study. Part of the slides were made by the Professor, the

rest by the writer.

The first sample is from a dyke lying near Pacolet Mills, S. C.,

which stretches from north-east to south-west for about five miles in

an irregular boss, forty feet wide at the point viewed. Two miles to

the east of the dyke is a large granite area which disappears beneath

gneiss as we approach the dyke. This is lost just west of the dyke

and schist takes its place, which is traced through its different varie-

ties for two miles, when“we arrive at a pure steatite rock. The sec-

tion of that district would be as follows : First the granite underlying

the whole, on this would be found the gneiss, and lying on that the

schist
;
the dyke perforating the granite and gneiss

;
the whole uncon-

forniable.

The hand sample, taken from within the dyke towards the centre^

is dark gray, almost black, and presents a fine crystalline structure

;

the lath-shaped crystals stand out quite distinctly. Studied microscop-

ically, the section presents a field of which nearly one-half is plagio-

clase, in long lath-shaped crystals. Th,e plagioclase is labradorite, and

the twinning is mostly after the albite law, but there are some beauti-

fub examples of pereklite twins. Interpenetration of the plagioclase is

quite common in this section, and several of the crystals show indica-

tions of having been formed under pressure. The plagioclase was the

first formed mineral, as indicated by the regularity of its outline. Aug-
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ite is also present in abundance in short, irregular crystals, some of

which is uralitic, showing alteration to hornblende, and contains inclu-

sions of magnetite grains. Some of the augite grains are polysomatic.

Olivine is also scattered through the section showing brownish altera-

tion along margin and cleavage lines. Magnetite and apatite are also

present together with a few grains or scales of hematite. No garnets

were found in this section. Dialage is doubtfuly determined. The

rock is a typical Olivine Diabase.

The next sample studied was obtained near this trap and is of a

coarser granular structure and lighter colored. Large crystals of

quartz and plagioclase are scattered through it. In section the same

displays a field, the greater portion of which is hornblende in short

irregular crystals, forming the main mass of the rock. Through this

are scattered crystals of orthorhombic augite, enstatite, apparently an

alteration product of the hornblende. The plagioclase is in small lath-

shaped crystals of labradorite and together with quartz, forms a small

portion of base. A few crystals of magnetite and apatite are present

with a few scales of hematite as an alteration product of magnetite.

Another rock sample taken from near the contact line, is of a finer

crystalline structure having cooled more rapidly from a state of fluid-

ity. It is dark gray in color with reddish brown spots containing gar-

nets scattered throughout ; .
*one exposed edge giving indications of

weathering. In section we find hornblende in short irregular crystals

forming nearly one-half the mass with labradorite feldspar in abun-

dance, and interpenetration quite noticable as indicating secondary

origin. They also contain cavities of air or glass. Garnets in some

cases occupy a great part of the field
;
they are of a salmon red color

and contain inclusions of magnetite dust and fluidal cavitites. Near

these is found quartz and feldspar and a little magnetite in regular sec-

tions. These two last rocks mentioned are Diorites and are thought

from the position and structure to be products of the action of the dia-

bases upon the metamorphic rock through which the diabase has forced

its way to the surface. The gneisses and schists, according to the

geological map of that state, lie unconformably upon the underlying

rock and have probably a sedimentary origin. The diorites seem not

to be simply diabase altered to diorite, as maintained by Mr. Wads-

worth, but are perfectly fresh and it rather seems that these rocks are

paragenetic and the formation of diorite is accounted for by contact

with the diabase, which by means of its heat fused the surrounding
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local rock to a plastic mass, which upon recrystallization assumed the

distinctive characteristics noted above.

The next rock studied from this neighborhood is a piece of fine-

grained gneiss, of dark geenish gray color almost schistose structure and

is from the rock surrounding the trap. When studied microscopically,

we find the greater part of it to be hornblende in short, irregular crys-

tals, with a few large crystals of the same containing inclusions of apa-

tite, with magnetite and calcite as product of alteration. Quartz is

present with a few scales of biotite and many crystals of apatite. One
thing noticeable in the rock, is the peculiarity of the form and occur-

rences of the calcite, In almost every case observed, it was formed

either lying within or adjacent to a crystal of hornblende and always

enclosing grains or skeletons of magnetite, except in two or three cases

and in those cases the enclosed particles are hematite, which are un-

doubtedly alteration products of magnetite. The calcite has apparent-

ly assumed the form of the original magnetite crystal or the space oc-

cupied by it and the adjacent hornblende alteration product.

Fig. I. Sec. A., is a crystal of hornblende containing calcite (c) undoubted-

ly an alteration product, and enclosing a crystal of magnetite; (a) is a cross sec-

tion of apatite. Fig. 2, is a crystal of calcite with slightly greenish tinge, as in-

dicating its probable origin, showing the cleavage of calcite and surrounding a

grain or skeleton of magnetite. Fig. 3, is a crystal of calcite vdth an enclosed

scale of hematite altered from magnetite. It will be noticed that the calcite

grains are nearly regular in shape and apparently assume the form originally held

by the magnetite. Such is the case in almost every instance. There are how-

sever, a few crystals, as in Fig. 4, where the hornblende has altered along the

«dges with the magnetite skeleton within, and the whole forming an irregular

crystal.

Two theories are proposed in regard to this change; one is that it

was brought about by the presence of carbonic acid in the interstitial

water of the rock,' by means of which interaction was set up between

the magnetite and hornblende, substituting iron for calcium in the lat-

ter, depositing some of its calcium as calcite about the remnant of the

magnetite
;
or it may be a pseudomorphic product of the hornblende

leaving the magnetite as a residue.

Our two next studies are different phases of granite from the

quarry about two miles east of the dyke. The rock is a true granite

and is extensively quarried. Macroscopically they differ in general

only in color. One a dark and the other a light gray, with, perhaps,

slight indications of weathering on the surface of the darker rock. It
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also contains small brownish crystals, that might be taken for garnets,

but are simply colored augite. There also passes across this specimen a

small greenish segregation vein. Microscopically, the specimen presents

a field in which quartz and orthoclase are abundant, considerable biot-

ite, epidote, some cal cite, augite, hornblende, a little muscovite, oli-

goclase, magnetite, and a few scales of hematite. Thebiotiteis in both

long and short crystals. The epidote is in slender irregular crystals of

a greenish yellow color, in some instances showing paramorphic alter-

ation from hornblende. One peculiarity of this granite is the presence

and abundance of augite in association with orthoclase, which is a rare

thing; but here the numbers of augite crystals are surprising. It var-

ies from brown to pale brown in color. The other phase of this rock,

as has been said, is of a lighter shade, somewhat speckeled and of

coarser crystaline structure, with some of the constituents distinguish-

able by the unaided eye. Microscopically, the section shows quartz

and orthoclase in considerable quantity. Biotite is present, and in

some cases shows pseudomorphic alteration from hornblende. Mus-

covite is more abundant than in the former, in irregular grains, with

hornblende, calcite, and a little magnetite.

The three following rocks studied, are different phases of the

schist of this region and present a very interesting problem on account

of the topographical and lithological evidence they furnish of the grad-

ual alteration from actinolite schist through the various other varieties

of schist to the pure steatite or soapstone. There is a quarry of this

soapstone, about two miles from the dyke, and its merchantile value

gives it at once a leading place in interest.

The first rock studied is a schist taken at some distance from the

soapstone. To the unaided eye it is dark green in color with fine felt-

ing of crystalline rods, and harsh gritty touch. Under the microscope

it presents a field of actinolite-honblende, very beautiful either with or

without the polarizer, on account of the distinct outline of the crystals,

many of which have a beautiful yellowish green border. Some of the

crystals of hornblende are partly altered to tremolite as in Fig. 5, Sec.

B, showing the green of the hornblende (h) and white of the tremolite (t)

in different parts of the same crystal; the alteration is incomplete. All

stages of transition from actinolite to tremolite are observable. Others

have made a further change and are taking on the fibrous structure of

talc. The rock is an actinolite-schist with tremolite, a little magnetite
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and yellowish isometric crystals of alteration product not yet further

determined.

The second sample taken nearer to the soapstone quarries, is a

fine grained crystalline rock, brownish gray color with here and there

groups of garnets of a rusty appearance. Talc is perceptable to the

unaided eye. Under the microscope we find the field mainly horn-

blende of a brownish color, all more or less altered. An unresolvable

mass of “opacite” is scattered through it. Also numerous large scales

of talc more abundant in this than in the former sample. Some scales

of biotite, quartz, magnetite crystals, a little muscovite and a few

small garnets.

The next rock is the steatite rock itself. In hand sample it pre-

sents a felting of stellate or rosette masses of crystals, of light greenish

gray with brownish or orchre colored aggregates at centre of rosettes.

The whole has an unctuous touch. Microscopically, it is seen to be

almost wholly talc with here and there large crystals showing traces of

the form of original hornblende.

Comparing our studies of these three rocks, we find the first an

Actinolite schist with the hornblende almost pure and containing trem-

olite and a few talc crystals
;
and as we draw nearer to the soapstone,

we find the rock to contain hornblende all more or less altered with

more talc present, making it a talc schist, until we reach the pure talc

rock containing but few traces of the original hornblende structure.

Followed consecutively, the change would probably not be so appar-

ent, but from these samples taken at different distances from each oth-

er the change is quite marked, and we conclude that the soapstone

was formerly a gneiss or schist and that its present condition is due to

the alteration of the hornblende to talc brought about by atmospheric

or hypogene forces. Whether the period occupied in bringing about

the transformation was of long or short duration we cannot say.

In this series ofrocks we find the points of interest to be the inter-

penetration and the pereklite twinning of the plagioclase crystals,

some of which in the first diabase studied are evidently formed under

pressure
;
the polysomatic structure of the augite in both diabases

;

the absence of garnets in the diabase and their presence in the adja-

cent genisses, schists and diorites where ever studied, in which our ex-

perience differs from that of Mr. Lawson in his article in the April

Geologist^ where he says he finds garnets in the central portion of the

dyke studied by him and none in contact rocks or schists, this leading
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to the conclusion that garnets are of probable contact origin
;
then

the peculiarity of the formation and occurence of calcite in connection

with magnetite which we have never noticed before in any rock we
have studied ;* the association of augite and orthoclase in granite

—

a very rare occurence; and finally the gradual alteration of the schists

to steatite or soapstone.

'=-See Rosenbusch, Micro-Physiographie. Vol. II, p. 247.

i



GEOLOGY OF LICKING COUNTY. PART IV.

By C. L. Herrick.

List of Waverly Fossils, Continued.

In this number a considerable number of additional species are

described and additional information collected concerning many notic-

ed in the last number. Especial pains has been taken to figure char-

acteristic specimens of the new species and it is hoped that several de-

ficiencies in the last paper are now met. The Bryozoa constitute the

basis for a separate paper by Mr. Ulrich to whose generosity we are

greatly indebted. It is frankly admitted that a great deal remains to

be done, nevertheless this paper is based upon much larger collections

of Ohio Waverly fossils than ever before accumulated and one derived

from nearly all parts of the state.

If circumstances had permitted, it was intended to prepare an arti-

ficial key to genera and species of the Waverly group. This we can

not at present do, for to make it of real value it should include the

species of Michigan, Iowa, Tennessee and Pennsylvania. In a few

cases a key has been prepared for brachiopods. The genera of Lam-
ellibranchs can be collated by reference to Vol. V. of Palaeontology of

New York and the number of species here reviewed is too small to

require special keys. In bringing this list to a close the leniency of

students is relied upon in view of the extreme difficulty of the under-

taking and the nature of the material. In the object set prominently

before the mind, the reference of species to their exact horizon, we hope

to have measurably succeeded.

KEY TO THE BRACHIOPODA OF THIS LIST.

A. BRACHIOPODA.
a'. Lyoeomata.

Valves of the delicate shell not articulated by teeth, form sub-dis-

coid or linguloid, texture more or less horny.
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I. Fam. Discinid^. Upper valve sub-conical or limpet-like, lower

flat and perforated for the pedicel.

II. Fam. Lingulid^. Shell oblong or oval, valves nearly equal.

L Fam. Discinid^.

Genus i. Discina. Flat lower valve with a perforation on the

posterior side, with an internal furrow.

Strangely enough no well-authenticated species of Discina is yet known in the

Ohio Waverly. From other states the following are rather imperfectly known:

I), gallaheri^ Win. (Mich.) D. patellaris. Win. (Iowa), D. saffordi, Win.

^Tenn). D. capax is thought a synonym of O. newberryi, and a specimen

from Granville has been identified by Prof. Winchell with D, gallaheri perhaps

on insufficient grounds.

Genus 2 . Orbiculoidea. Furrow impressed from the outside

instead of the inside the lower valve, opening at its posterior end.

Sp 1. Orbiculoidea newberryi. h.

Nearly circular, apex of ventral valve one fourth diameter from

the margin, indistinct radiating markings. Less than half an inch

in diameter. Div. I, and especially just above Berea grit.

Sp. 2. Orbiculoidea PLEURiTES. Meek.

Oblong elliptical, apex of ventral valve near border, depressed,

ventral valve discoid with a deep depression posteriorly. Length

nearly one inch. Shale over congl, 1.

11. Fam. LiNGULiDiE.

Genus Lingula. Characters of family.

I

Sp. 1. Lingula WAVERLyENSIS. Hernck (L. scotia.)

Large species of sub-triangular form and distant raised concen-

tric stri^.

Sp. 2. Lingula mem bran acea. Win.

Medium size, oblong, length to width as 12 to 6, beak rather

acute. Above congl, II.

Sp. 3. Lingula gannensis- Her.

Medium size, oblong, length to width as ii to 6, beak quite

obtuse. Above congl. II.
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Sp. 4. Lingula ATRA. Hemck. (Described beyond)

Medium size, oblong, length to width as 9 to 5, beak larger than

a right angle. Below 2d fall, Cuyahoga Valley.

Sp. 5 . Lingula cuyahoga. Hail.

Medium size, elongate oval, length and width as ii to 6, beak

nearly a right angle. Below 2d fall, Cuyahoga Valley.

Sp. 6. Lingula MEEKI Herrick. (Described beyond.)
\

Medium size, rather broadly oval or lepidiform, length to width

as 12 to 8.5. Below 2d fall, Cuyahoga Valley.

Sp. 7. Lingula MELiE. Hail.

Small acutely oval, length as 1 2 to 8, beak acute, with a depressed

median line extending from the beak.

Shale above Berea grit. ^

,

We thus have an unusually large number of species, when it is remembered

that the vastly thicker Chemung group in New York has not furnished a single

species. (We 'have found a poorly preserved Lingula in Chautauqua Co., how-

ever.)

A". Arthropomata.

Valves thick, unlike, with hinge-teeth.

I. Fam. Terebratulid^.

Shell puctuate under a lense, more or less ovoid, smooth or

striate, with a circular perforation of the the beak of ventral valve.

Dorsal valve with an internal loop. Genera Terehratula^ Cryp-

tonella, Centronella only distinguishable by internal characters.

II. Fam. Rhynchonellid^.

Shell not punctate, more or less triangular in outline and longi-

tudinally plated, beak with a foramen.

Genus Rhynchonella^ characters of the family.

III. Fam. Atrypid.^.

Shell fibrous, beak with no area, not strongly plaited.

Genus Atrypa with radiating irregular striae.

IV. Fam Spiriferid^e.

Form various, usually with strong radiating plicse, and extend-

ed hinge line. Internally dorsal valve with calcareous coiled arm

supports.
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1. Genus Spirifer. Elongate transversely, hinge-line longest lateral

dimension, radiatingly ribbed or plicate, somewhat tri-lobed.

2. Genus Syringothyris. Like Spirifer, with fold and sinus smooth,

area of ventral valve high, area with a perforated deltidium lead-

ing into a funnel-like projection into the interior.

3. Genus Spiriferina. Small spirifers with few plicae and a promi-

nent partition in the ventral valve.

4. Genus MaHinia. Hinge-line shorter than greatest width, sur-

face spiny and concentrically grooved.

5. Genus Cyrtma. Like Spiriferina but with very high ventral

valve, prominent deltidium closing foramen.

6. Genus Athyris. Transversely oval, concentrically striate, area

obsolete, beak perforate, spires as in Spirifer.

7. Genus Rhyruhospira. Surface striate or plicate.

V. Earn. Strophomenid^.

Shell transversely oblong, with long hinge line and small areas,

generally piano- or concavo-convex.

1. Genus Orthis, Hinge shorter than width, radiately striate, bi-

convex.

2. Genus Hemipronites

.

Concavo-convex, hinge nearly as long as

greatest width, area of ventral valve narrow, with deltidium, rad-

iating striae.

3. Genus Strophomena. Depressed, concavo-convex, area on both

valves, radiating striae.

V. Earn. Production. Concavo-convex, with straight hinge, gener-

ally shorter than greatest width of shell, surface or hinge with

long spines, surface porous.

1. Genus Productus. Whole surface with spines.

2. Genus Chonetes. Spines restricted to the hinge.

Genus Chonetes.

A. Of large or medium size, gently convex.

a. Surface marked by over 100 ribs.

b. Surface marked by 40-60 ribs.

1.

2.

C. MULTICOSTA.
C. ILLINOISENSIS.

B. Very convex, of medium size.

3. C. LOGANI.

C. Of rather small size.

4. C. TUMIDUS.
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a. Surface with over 50 rounded ribs, hinge with about six ob-

lique spines.

5. C. PULCHELLA.

b. Fewer striae, which are sharply raised, four oblique spines.

6. C. SCITULA.

The typical form of C illinoisensis occurs at the very top of the series. A
closely allied form, perhaps C. multicosta appears about seventy feet below con-

glomerate. C. logani is ubiquitous while C. tumidus and C. scitula belong up-

on the same horizon as C. multicosta. C. mesoloba must be excluded from the

list.

Genus Productus.

I. Species of large size (over ^ inch.)

A. Marked by fine, wavy, fasciculate radiating costae.

1. P DUPLICOSTATUS. Win.

II.

B. Marked by strong, radiating (and concentric) costae.

Bi. Strongly pustulose.

(?) 2. P. NEBRASCENSIS.

B2. Not Strongly pustulose.

* Length over one inch,

t Coste distant,

3.

P. RARICOSTATUS. Her.
(=P. dolorosa. Win?)

ft Costae closely set,

a. Ventral valve tumid, strongly arched over the hinge.

4. P. SEMIRETICULATUS.

b. Ventral valve moderately tumid, less strongly arch-

ed over the hinge.

5. P. NEWBERRYI. Hall.

**. Length less than one inch.

a.

b.

With very coarse and irregular costae, very strongly

arched"
6. P. ARCUATUS. Hall.

Striae finer and more regular, less strongly arched.

7. P. FLEMINGI. Var.

Of small size, (mostly under ^ inch.)

A. Marked only by fine dichotomizing striae.

8. P. GRACILIS. Win.

B. Marked with fine concentric striae and irregular coarse pustu-

lose ribs.

a. Very tumid with numerous spines on the ears, not strongly

pustulose.
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b.

C.

9. P. RUSHVILLENSIS. Her.
(= ? P. morbilliani. Win.'*

Surface pustulose, spines scattered.

10. P. SHUMARDIANUS.
Beak truncated, much as above.

11. P. CURTIROSTRIS. Win.

C. Surface slightly convex, with nearly equal radiating and con-

centric striae.

12. P. NODOCOSTATUS.

This list might be extended but some uncertainty would be introduced.

The above species can be recognized with tolerable certainty. No. i, occurs in

division III, P. nebrascensis is perhaps not found in the the Waverly, the species

so identified being possibly peculiar forms of P. newberryi. P. semireticulatus

occurs in the upper part of division III, while its close ally, P. newberryi belongs

in a lower zone in division I, but the two species seem to pass into each other in

the northern part of the state. P. flemingi, var, burlingtonensis H, is from the

uppermost horizon of division III. P. rushvillensis and P. shumardiana are very

closely related, though the former is from the highest horizon of divison III and

the latter seventy feet below conglomerate II. P. raricosta is known only thus

far from below the last mentioned horizon.

Genus Rhynchonella

It is not at present possible to catalogue the Rhynchonellidae of

the Waverly with any degree of success. Three types are easily sep-

arable.

A. Large species with three to four plicae on the fold and sinus.

1. R SAPPHO.
2. R. SAGERIANA.

B. Rather large species with five to eight plicae on the fold and sinus.

a. Abrutly deflexed around the front.

3. R. MARSHALLENSIS.
b. 4. R. COOPERI.

C. Smaller species with two to four sharp plicae on the deep fold.

5. R. CONTRACTA.

D. Small spcies with slight or no fold.

6 . ?

LINGULA ATRA.Sp.n.

(Plate X, Fig. 30.)

Ventral valve rectangularly sub-elliptical, length to width as 9 to

5, sides parallel, front margin truncate, cardinal slopes forming nearly

a right angle, unbonal region rather distinctly convex, triangular area

from front to beak flattened, lateral aspects gently sloping, dorsal valve
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less convex and with a rounded inconspicuous beak
;
surface marked

by numerous rather distinct and unequal concentric lines. Length,

16 mm: width, 10.5 mm. The epidermis is of a deep black color in

our specimens, but this may be due to the nature of the shale.

In form our species closely resemble L. punctata of the Hamilton

but has very different surface characters. It needs no comparison

with other Waverly species, being much shorter proportionally than

either of the quadrangular species.

Quite abundant above the juncture of the Little Cuyahoga with

the Cuyahoga river, where it is associated with L. cuyahoga and L.

meeki.

LINGULA GANNENSIS.Sp. n.

(Plate III, Fig. 2, 3.)

Shell elliptically subquadrate, length and breadth as considerably

less than two to one (as eleven to six); lateral margins nearly straight

and parallel, anterior margin sub-truncate, with rounded angles
;
beak

rather acute, with a faint (internal ventral) ridge extending forward

upon the mesial prominence
;

rostral margins nearly straight.

Ventral valve with a prominent beak, the rostral margins meeting

at nearly a right angle
;
dorsal valve rather shorter and more obtuse.

The valves are evenly convex, slightly flattened toward the front by a

plane which does not extend to the middle of the longer diameter.

The surface of both valves is ornamented by numerous, sharp, con-

centric striae. Length of ventral valve 22, breadth 12 mm.
This species resembles in size and form Lingula punctata, H., of

the Hamilton group but does not share its surface structure. In some

respects L. membranacea. Win., is similar, but that species is propor-

tionally longer and more strictly quadrate.

From Gann, Knox Co., O., in red ferruginious band in the free-

stone 50 feet above the river below the dam. In the freestone of the

middle division of the Waverly near division HI.

LINGULA MEMBRANACEA, Win.

(Plate III, Fig. 4.)

This species occurs about 60 feet above conglomerate H, four

miles south-west of Loudonville. It is thus not much above our Lin-
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gula gannensis which greatly resembles it. That species, however, is

much shorter and has a different surface structure. The surface in the

present species is very finely striate and usually also possesses the

coarser folds of growth. Length of ventral valve, 20 mm., width 10

mm. Meek’s figure of the dorsal valve in the Ohio Palaeontology is

slightly too oblong and not rounded enough at the front,

' ' LINGULA MEEKI, Sp. n.

(Plate X, Fig. 31.)

Shell of medium size, ovate, rather attenuated toward the beak,

greatest width near the front, lateral margins gentle curves, front a

regular curve, beak rather prominent, general surface depressed con-

vex, marked with the usual concentric striae.

Length, 13 mm., width, 7.5 mm.

Different specimens differ in the amount of attennation
,
of the

beak but it cannot be certainly determined which specimens if any are

dorsal valves. This form is somewhat abundant in the Cuyahoga val-

ley with L. Cuyahoga, L, atra, etc.

LINGULA WAVERLYENSIS.Sp. n.

(Plate III, Fig. I.)

Lingula scotica, Meek, Pal . O . toI. ii., p. 276. Cf.. L, scotica, var. nebrascensis,

Meek, Pal. Neb., p. 156, and L. sootica, Hehrjck, Bui. Denison Univ. vol. ii., p. 144, also

L. scotica, Davidson, Garb. Mon, p. 207, Supl.

It is quite obvious that there are two or more forms related to the

European L. scotica in American rocks. The coal-measure forms

vary considerably yet apparently differ from the Waverly specimens.

True, the latter are found in the upper third of the series and may be

regarded as precursors of L. scotica, but they none the less need to be

distinguished. The specimens are found in the shale above conglom-

erate II, with Orbiculoidea pleurites with both valves in opposition.

Shell sub-trigonal, compressed
;
front margin subtruncate, round-

ed toward the sides which are nearly straight and converge in the ven-

trat valve at an angle of about 120° to the rather acute but not atten-

nated beak, while the shorter dorsal valve has a bluntly rounded beak.



OF DENISON UNIVERSITY. 19

Surface of both valves covered by minute, numerous regular striae up-

on a plane surface
;
toward the front the striae may become irregular

and similar to the usual markings in the genus
;
there are also traces

of radiating grooves. The striae are much finer and less numerous

than in L. ' scotica. Our specimens exceed in the closeness of the stri^

the example figured by Meek. Length of dorsal valve, 20 mm.,

width of same valve, 19 mm.
Blue shale above conglomerate II, Newark, O.

ORBICULOIDEA PLEURITES, Meek.

(Plate III, Fig. 5, also vol. Ill, Plate VIII, Figs. 13, 14.)

Shell large, plano-convex, elliptical, s Ventral valve in perfect

specimens nearly a true ellipse or slightly oval, strongly convex, great-

est elevation near the middle, beak sub-terminal or terminal, depressed,

length to width as 25 to 22, surface marked by numerous, rather strong

concentric lines which may be quite irregular. Dorsal or under valve

flat or slightly concave with strictly concentric striae and marked by a

deep oval impression, which extends one-third the diameter of the

shell. Length of a large specimen, 25 mm., width, 22 mm., height,

45 mm.
It was long suspected that the large dorsal valves associated with

O. pleurites were of that species before the discovery of two valves in

opposition settled the matter.

Shale above congl. II, Newark and the same horizon near Gann,

Knox Co.

PODUCTUS RARICOSTATUS, Sp. n.

(Plate III, Fig. 1.9 ;
Vol. Ill, Plate III, Fig. 28, ?)

Ventral valve of nearly the size and proportions of P. newberryi

in its smaller forms known as P. annosa. Sub-quadrate, with regular-

ly arching surface and acutely pointed somewhat projecting and in-

curved beak, angles acute, sub-elevated, mesial depression slight or

none; marked by distant rounded irregular ribs, fine numerous concen-

tric striae and variable concentric grooves; spines few, scattered. Dorsal

valve apparently the same as in the last volume figured as possibly P.

lachrymosus var
;
suface plane to a short distance from the margin

where rather suddenly reflexed to correspond with the opposite valve,
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surface ornamented along this marginal portion as in opposite valve,

the remainder only by concentric stri» and folds and the pustules bear-

ing scattered spines. Width. 38 mm., length, 34 mm., convexity of

ventral valve, 10 mm.
Near calcareous concretionary zone at Moot’s run. It is is pos-

sible that this is Winchell’s P. dolorosa which we have not seen. There

is reson to suspect that the specimens hesitatingly referred in voL iii,

to P. lachrymosus, var. stigmarius, H. are extreme phases of the pres-

ent species.

PRODUCTUS NEWBERRYI, H.

(Plate X, Figs. 24, 35.)

A very large suite of this species from Bagdad, Weymouth, Med.

ina, Lodi, Burbank, and Cuyahoga Falls present a close agreement

except that the specimens from the shales are smaller and less fully

developed. From P. semireticulatus as seen in the coal measures it

differs constantly in the less elevated and arched ventral valve and less

perfect development of the concentric markings. It seems to differ

from the form identified with P. semreticulatus in central Ohio. The

tubular spines are strong and curved, being most abundant on the ears

of the ventral valve.

Length of a ventral valve, 33 mm., width. 47 mm., height of

valve, 18 mm.
This species does not seem to descend much below 100 feet be-

low the conglomerate.

PRODUCTUS (NEWBERRYI, var,?) ANNOSUS. var. n.

(Plate III, Fig. 17.)

Shell sub-quadrate in outline, moderately convex, length some-

what less than the width
;
ventral valve moderately convex, convexity

less than half the length, greatest about half way from the front mar-

gin to the moderately elevated arched beak, which projects but little

beyond the hinge
;
a rather shallow, but distinct mesial sinus extends

to near the umbo
;

shell rapidly depressed toward the small upturned

ears which are rounded slightly at the extremities
;
hinge nearly as

long as the entire width
;
surface marked by varicose and rather strong
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radiating costae which bifurcate irregularly and are pustulose by the

prominences bearing the long spines, which latter cover the entire sur-

face though much more numerous upon the ears
;
surface also orna-

mented by very numerous minute concentric striae, also in certain

conditions of preservation by the usual fine pores; surface rarely also

rendered irregular by large concentric folds.

Dorsal valve plane nearly to the margin, then suddenly deflected

to apply to the marginal portion of the ventral valve, marked like the

opposite valve, but less distinctly upon the plane portion. Transverse

diameter of specimen of medium size, 26 mm., length, 21 mm., con-

vexity, 8-9 mm., projection of beak beyond hinge, 2 mm., nine costae

in distance of i cm. at front; depression of dorsal valve (nearly at

right angles to plane of valve) at front, 6 mm.
A considerable suite of this species was collected at Alexandria,

O., in light silicious flags some distance below the concretionary layer

at Moot’s run, in connection with P. shumardianus of the same type

as found in the concretions.

In many respects this form resembles P. newberryi, Hall. Di-

rect comparison with specimens from the original locality make it ad-

visable not to separate this as a distant species.

PRODUCTUS DUPLICOSTATUS. Win.

(Plate XI, Figs, 26, 29.)

“Shell rather large, with sub-circular outline, ventral valve very

ventricose and greatly arched, with steep slopes to the right and left

margins, not enlarged at the aperature and entirely destitute of mesial

sinus
;
marked with numerous interruptedly and irregularly striate sin-

uous ribs, which dichotomize one or twice in the middle region of the

valve, and toward the front resolve themselves each into a fascicule of

three or four smaller ribs, themselves raised into a wider rib-like eleva-

tion around the anterior margin. The tubular spines are scattered

over the whole exterior, but become much more numerous at the

commencement of the marginal cosate ridges. The whole exterior of

the cast is marked also by oblique punctations, which are placed most-

ly in irregular lines between the ribs. Length, 1.19, breadth,

1.24, convexity of ventral yalve, .58, number of marginal ridges,

15-20.”
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This species is apparently, frequently identified with P. cora to

which it has a superficial resemblance. Near conglomerate II, to P.

arcuatus layer, Knox and Licking Counties.

The ventral valve of P. duplicostatus was seen in connection and

is nearly flat with a slight depression of the umbonal region but with-

out the sharp flexture near the front seen, for example, in P. flemingi

which is quite similar otherwise. The surface characters resemble

those of the ventral valve, the whole surface being, however, concen-

trically wrinkled.

PRODUCTUS RUSHVILLENSIS, Sp. n,

* (Plate III, Fig. 15.)

Shell small, hemispherical, very tumid but abrubtly flexed near

the middle so that the outline of ventral valve as seen from the side is

formed of two gentle curves meeting at an angle less than a right angle

near the middle
;
length and breadth about equal

;
hinge nearly equal

to greatest width, sides intersecting the ears at nearly a right angle

;

beak projecting but little beyond the hinge; umbo rather narrow
;
in

larger individuals a slight mesial flattening, but no sinus. Surface

marked by few more or less distinct rounded ribs which are irregular-

ly nodose, but simple and tend to disappear near the margin, and by

concentric striae and folds which form strong plicati ons upon the ears

;

spines very long, as long as the entire length of shell on the ears where

they are numerous; surface of the cast sharply pitted and near the

beak furrowed longitudinally. Length of medium sized specimen,

10.5 mm., width, ii mm., height, 8 mm. Number of radiating plicae

20. This species resembles somewhat P. wortheni of the Keokuk, but

is still more like P. costatulus H. from the Chemung. Some forms of

P. lachrymosa approach quite nearly. Of the described Waverly forms

none seem to require comparison except P. shumardianus of which

the present species is the lineal descendant apparently.

Subsequent study shows the dorsal valves to be rather strongly

concave about one-fourth the height of tlie ventral, then nearly flat ex-

cept for a gentle depression in the umbonal region and marked by in-

distinct ribs below and everywhere by concentric striae and folds.

With Phillipsia serraticaudata, Productus burlingtonensis, etc.,

(about 70 feet above horizon of P. arcuatus) at Rushville, Newark,

Loudonville, etc.
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PRODUCTUS NODOCOSTATUS, Sp. n.

pi . isr , - t c, . ^
Shell of rather small size, sub-circular in outline, only moderately

convex.

Ventral valve as wide as long; hinge line equalling seven-tenths

the greatest width
;
ears small, triangular

;
beak slightly projecting,

acutely prominent, sloping sharply to the flat ears, sloping gently to

the front margin
;
surface covered by numerous, coarse, rounded, rare-

ly bifurcating radiating costae, rendered nodose by equally coarse, con-

centric wrinkles. A few spines could be detected on the ears in some

specimens, but in others they are obscure. If this is a Productus it is

quite remarkable in its surface marking and also in its slight convexity.

Width, 12 mm., length, ii mm., convexity, 5 mm., or less. We
have been unable to compare specimens of P. morbillina. Win. which

seems to resemble it. From the upper layers at Rushville, about 100

feet above conglomerate II.

RHYNCHONELLA CONTRACTA, H.

(Plate XI, Fig. 21.)

Since the last volume of the bulletin was published, we have had

opportunity to compare carefully and minutely specimens in the same

state of preservation, preserving both valves, teeth and all details from

the Chemung of Chatauqua Co., and the Waverly of Medina Co., and

find the most perfect identity of characters. There can be no doubt

of the identification. The same species is also doubtfully known from

the Cuyahoga shales.

RHYNCHONELLA MARSHALLENSIS, Win.

This is the common species in the middle Waverly, but occurs

rarely seventy feet below conglomerate I near Granville, and in Ash-

land county. Whether this species is but a modification of R. sappho

must be left undecided. The specimens referred to R. sappho in the

last paper are more closely allied to the present form than then sup-

posed.

RYHNCHONELLA, Sp.

(Plate XI, Fig. 22.)

We have a small specimen from Lodi which seems to differ from

all the Waverly species, though almost a minature of R. marshallensis.
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The very convex and broad form with numerous obtuse or rounded

plicae and the flexture at the front all suggest that species.

HEMIPRONITES CRENISTRIA.

The variation seen in this species is extreme and it will not be at-

tempted to carefully illustrate these. Plate II, Fig. i, illustrates the

typical variety at seventy to one hundred feet below conglomerate I.

Plate III, Fig. 12, displays the characters of the rounded form en-

countered above conglomerate II, where it is associated with a deltoid

form even larger than that figured. In the shales sharper striations are

preserved. Fig. 5, of Plate IP illustrates the appearance of the young

as seen at Moot’s run.

4Jj

TREBRATULA (?) INCONSTANS, Sp. n. (Cf. T. LINCKL/EI, H.)

(Plate XI, Fig. 18 ;
Plate III, Figs. 8, 9.)

Shell sub-ovate, broadest below the middle, length less than one

and three-fourths the breadth, moderately gibbous, thickness greatest

considerably above the middle, lower outline generally distinctly trun-

cate.

Ventral valve gently arched until near the beak where more rap-

,
idly curved, greatest width at the hinge margins at nearly one-half the

height.

Dorsal valve less arched, most prominent a short distance below

the beak, surface with greatest convexity along medium line and curv-

ing gently to the sides, angle of beak about 112°, shell punctate, cast

with radiating ridges, shell marked by concentric lines of growth.

Length of small, perfect specimen, 10 mm., width, 8.5 mm., thick-

ness, 5.5 mm. Largest specimen seen, length 31 mm., width, 24 mm.

ATHYRIS ASHLANDENSIS, Sp. n.

(Plate III, Fig. 6.)

Closely resembling in ascertainable characters A spirife7vides from

the Hamilton, but differing in that the mesial -s-inus- of the dorsal valve

is less abruptly elevated at the front. Width of dorsal valve, 43 mm.

,

height, 32 mm. Several valves in a more or less imperfect condition

have been collected at Moot’s run and in Ashland Co.
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Although very constant in form, this species varies greatly in size.

The small forms resemble T. linckl^i, H. It differs, if at all, in hav-

ing the anterior truncation rather more pronounced. The resemblance

approaches identity.

Moods run, 70 feet below congl. I, Ashland Co.
,
70 feet below

coiigl. I, and Lodi, Medina Co.

RHYNCHOSPIRA (?) ASHLANDENSIS, Sp. n.

(Plate III, Fig. 16.)

A small Rhetzia-like species from the horizon seventy feet below

conglomerate I, occurs near Lyon Falls,^Ashland Co.

Shell small, broadly sub-oval, with the greatest..convexity of the

valves above the middle, and the beak of the ventral valves produced

beyond its fellow, perforate.

Ventral valve with a strong, narrow, mesial elevation proceeding

from the beak to the front where it gradually expands, passing into

the general surface at the front which is sinuous
;

lateral surface de-

pressed, beak strongly projecting, length and width about equal, sur-

face marked by about twenty rather abrubtly elevated simple ribs, sep-

arated by curved depressions. Dorsal valve wider than long, with a

shallow mesial sinus which widens below, lateral surfaces convex.

Length, 6. 5 mm.
As nothing is known of the interior the generic reference is but

provisional.

SPIRIFER BIPLICATUS, Hall.

(Plate II, Fig. 8.)

Examination of a large suite of specimens happily removes all

doubt as to the position and specific identity of this species. The spe-

cies has been peculiarly unfortunate in the illustrations hitherto given

with the descriptions.

Meek’s figure in the Ohio Paleontology is quite unrecognizable.

There is comparatively little variation in our series. Meek’s descrip-

tion applies well but it is unusual for more than four plice to occupy

the fold and these are distinctly paired. The mucronate hinge is also

constant and forms an easy distinguishing character from S. striatifor-
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mis with which it is associated. Our specimens average less than one

inch in extreme width. The area of the ventral valve is rather low

and arched and striate parallel to the hinge line.

SPIRIFER MARIONENSIS, Shum.

A comparison of Spirifer marionensis and S. bihlicatus is rendered

the more necessary because of their close resemblance and importance

as marks of given horizons. The following notes are the result of a

careful study of a large suite from all parts of the state.

The ventral valve of S. marionensis is more evenly and strongly con-

vex and toward the hinge is more uniformly gibbous, it also projects

farther over the hinge, thus the beak of S. biplicatus seems more acute

;

the hinge line is more elevated and strongly arched in S. marionensis,

while in the other species its sides are approximately parallel until the

vicinity of the beak is reached, the area is strongly striate perpendicu-

larly in S. biplicatus, while in S. marionensis there is also an evident

transverse system and a thick ridge below
;

in both species there are

long sharp spines upon the hinge angles which may exceed one-fourth

the, width of the body of the shell; the plicae are not strongly dichoto-

mous in S. marionensis except near the beak, while S. biplicatus tends

to develop a pronounced dichotomy or grouping in the ribs
;
the sinus

is more distinct and narrov/er below in S. marionensis
;
the cast in S.

marionensis is pustulose about the umbonal region while the rostral

cavity is more deeply excavated though the teeth seem less prominent;

other minor differences are observed in the comparison of the speci-

mens.

The dorsal valves differ in proportions, S. marionensis being rather

shorter and having in many cases a slight sinus instead of a fold or, at

any rate, no prominent elevation tow'ard the front; the fold in S. biplica-

tus is generally well-marked and often high and is further distinguished

by the marked dichotomy of the plicse.

Spirifer maidonensis marks a horizon some seventy feet below

conglomerate I, and is known to extend along this line from Richland

county to the Ohio river at Portsmouth and Sciotoville. Its absolute

horizon is not seen in the northern part of the state, but some of the

associated fossils seem to occur at the base of the exposure at Lodi

with Sp. biplicatus and Entolium aviculatum. It is not improbable

that S. biplicatus is a lineal descendant of the older form and it is
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found in the southern and central part of the state at from 70 to 100

feet above conglomerate II with no connecting or introducing forms,

it also occurs in the Cuyahoga shales from 100 to 150 feet from the

top.

SPIRIFER (MARTINIA) TENUISPiNATUS, Sp. n.

(Plate IT, Fig. 4.)

Shell of moderate or small size, strongly convex and arched,

somewhat wider than long, with very short hinge and rounded angles
;

ventral valve tumid, especially in the umbonal region, with an undefin-

ed sinus extending from the produced basal margin half way to the

beak
;
general outline of valve rhombic ovate, the rounded hinge ex-

tremities being slightly above the middle of the height
;
suface marked

by numerous (about 20 in adults,) rounded concentric folds and very

fine somewhat irregular radiating striae (in the cast), the summit of the

folds ornamented by numerous pointed perpendicular spines in one

row. The cast is marked by the impression of a median plate extend-

ing one-third the height upon the umbo. Height, 19 mxin., width, 21

mm.
The species is especially characterized by the very high incurved

beak, proportions, and surface characters. From S. hirtus if differs in

its relatively greater height and larger size. See Plate iii, Vol. hi. In

the same way it differs from S. pseudolineatus. It is much more near-

ly like S. setigerus, H. from the Chester, from which it is strangely di-

ficult to separate it. The beak is higher, however, and the concentric

wrinkles more marked. Spirifer praematura of the Chemung may
prove more nearly allied than appears from published descriptions.

[Compare Pal. N. Y.
,
Vol. IV., p. 250, et seq.]

SPIRIFER DELTOIDEUS, S}». n.

(Plate II, Fig. 7.)

Our material is still too’ imperfect to make possible a complete

characterization of this species referred to on page 45, Bui. Den. Univ.

vol. hi., but the examination of additional material leaves no doubt as

to the specific difference of the form from S. striatiformis and S. mar-

ionensis. From the last mentioned species it obviously differs in its

more triangular outline and rounded ears, as well as its more elevated
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and finely striated mesial fold. From S. striatiformis it also differs in

the two first mentioned particulars.

Shell of medium size, quite gibbous, triangular in outline, hinge

equalling the extreme width
;
anterior, margin angulated in the middle,

forming with the hinge roughly an isosceles triangle of 45°; hinge ap-

parently not, or but slightly, mucronate. Dorsal valve prominently

convex along the longitudinal axis, rather strongly arched
;
beak mod-

erately prominent; fold triangular, rather high, sides of shell sloping

rapidly from it toward the sides. Surface covered by nearly sixty

small rounded, persistent striae, which rarely bifurcate near the front.

From eight to ten striae fall upon the fold which in spite of its promi-

nence (and because of the similar convexity of the valve) is poorly de-

fined. Ventral valve very convex, provided with a deep, triangular,

but narrow sinus and sculptured as the dorsal valve. Width of dorsal

valve, 37 mm., height, 29 mm.
All our specimens are casts of separate valves in the sandy parts

of conglomerate I. There is reason to accept the suggestion made in

the last volume that this species forms a link between the S. marionen-

sis and S. striatiformis.

ALLORISMA NOBILIS, Uekou.

[See Bui. Den. Univ., Vol. iii, p. 71.]

Additional specimens of this fine species enable us to add the fol-

lowing facts :

There is a considerable range of variation. The shortest speci-

men seen measures 92 mm. in length, 25 mm. in height at the umbo.

The beak is strongly incurved and is more produced than represented

in Plate X, Fig. 5, of vol. iii. The effect of this is to make the anter-

ior margin somewhat curved and less extended than there drawn.

The surface is marked by very fine thread-like concentric striae as well

as the coarser ones and also by the granular radiating striae characteris-

tic of the genus, the later being rarely preserved.

ALLORISMA CUYAHOGA, Sp. n.

(Plate X, Fig. 34.)

Shell of medium size, quadrately sub-elliptical, the length equal

to twice the height, moderately convex; height nearly equal at both

ends; posterior margin obliquely truncate^ as is the front; hinge mar-
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gin slightly concave, front margin nearly straight, curved nearly equal-

ly at either end
;
umbo moderately prominent, beaks incurved over

the anterior third
;
surface evenly convex, post-umbonal slope with a

slight secondary ridge, escutcheon and lunule well marked. Length,

39 mm., height at beak, 24 mm. Flags below second fall at Cuyahoga

river.

This species resembles A. winchelli greatly but is much shorter

proportionally and has a very different front margin.

ALLORISMA CONSANGUINATtJS, Sp. n.

(Plate XI, Fig. 13.)

Shell rather under medium size, quadrately sub-elliptical, the

length equal to twice the height, moderately convex
;
posterior mar-

gin obliquely truncate, short, abrubtly rounded below; front margin

rather broadly rounded, greatest projection above the middle; ventral

margin a broad gentle curve; hinge line nearly straight; umbo very

prominent, beak near the anterior third
;
post umbonal slope sulcate

;

surface marked by very coarse, strong, concentric folds.

The peculiarity which separates this from all other members of

the genus in the Waverly is the narrowness of the posterior portion and

the strongly concave post-umbonal surface. From A. winchelli, its

nearest neighbor, it differs in the fuller and less acute curve of the an-

terior, which sweeps upward nearly to the hinge.

Shales over congl. IF Length, 25 mm., height at beak, 13 mm.,

height at posterior margin, 9 mm.

LEIOPTERIA NASUTUS, Sp. n.

(Plate XI, Fig. 30.)

This species closely resembles L. ortoni and may best be describ-

ed comparatively. The body is much more oblique and the posterior

wing, therefore, much restricted, the anterior ear is prolonged and

rounded at the extremity, beak behind the first third, acute, Length,

10.5 mm., height, 6 mm. Bagdad, Medina county, apparently near-

ly on the same horizon as L. ortoni.
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AVICULA (LEPTODESMA) SCUTELLA, Her.

(Plate V, Fig. 6, Vol. III. Plate IV, Figs. i6, 17.)

[See Vol. Ill, p. 59.]

Shell small, obliquely semi-oval, hinge-line equalling the greatest

length, height and length nearly equal; posterior wing rather large

flat, posterior margin slightly concave, nearly at right angles to hinge-

line
;
anterior ear very small, sub-acute, depressed, nearly covered by

the acutely projecting sub-anterior beak
;
umbonal region abrubtly

convex, rapidly expanding toward the broad lower portion of the shell,

which is marked by concentric striae. Freestone of middle Waverly.

Length of hinge, 6 mm., height, 6.5 mm.

AVICULA ? SUB-SPATU LATA, Sp. n.

(Plate V. Fig. ii; Vol. Ill, Plate III, Fig. 6.)

This species which is quite common in the lower part of division

hi at Newark seems to differ widely from any associated species and,

though its hinge is unknown, its general form associates it with carbon-

iferous species referred to Avicula. Shell slightly oblique, forming an

angle of about 25° with a line perpendicular to the hinge; hinge short,

contained in the height about two and one-half times
;
posterior wing

flat, obtuse, rather small, anterior ear very small almost covered by

the sub-anterior beaks; greatest anterior projection of anterior margin

near the middle of the height, posterior outline gently concave above,

convex below; surface slightly convex, grooved and striate.

Length of hinge, 85 mm., oblique height along umbonal promi-

nence, 21 mm., greatest length, 15 mm.

EDMONDIA SULCIFERA, Sp. n.

(Plate V, Fig. i, 2.)

This fine species is most nearly related to E. burlingtonensis, but

becomes much larger than the Ohio representatives of that species, the

form also is less oval and the anterior hinge angle more prominent.

Shell longitudinally sub- oblong, once and a half as long as high,

moderately convex; posterior margin a very slight curve oblique to

the rather long cardinal line, which extends in front of the beak to

meet the more rapidly curved anterior margin
;
lower margin nearly
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Straight, passing by an abrubt curve into the posterior side, more slowly

curving to the front
;
greatest convexity above the middle

;
umbo

prominent, projecting; beak small, close to the hinge, situated about

one-fourth from the front
;
surface with fine concentric striae and deep

equi-distant grooves about fourteen of which occur on a large specimen •

hinge with a strong posterior tooth.

Moot’s run, seventy feet below congl. I.

SPHENOTUS CONTRACTUS, W. W.

(See Vol. Ill, p. 69.)

Winchell in 1865 identified this species with his own Edmondia

bicarinata. Originally this species was supposed to have come from

the equivalent of the mill-stone grit. Cf. also Cypricardia securis

Win. Proc. Acad. Phila. 1870, p. 255.

Genus Spathella. H.

“Shell equivalve, inequilateral, wider behind, transversely sub-

cylindrical. Anterior end short, narrowly rounded. Beaks sub-anter-

ior, small. Umbonal slope rounded or sub-angular. Surface marked

by concentric striae, which are often more or less lamellose. Interior

unknown.”

iSPATHELLA VENTRICOSA, W. and W. ? .

(Plate IV, Fig. 20.)

Our specimens do not fully agree with the figures of “Orthonota

ventricosa,” but there seems to be a considerable range of variation, and

as that species occurs in the Kinderhook group of Illinois, it seems

likely that ours is closely allied if not identical.

Freestone of middle Waverly.

MYTILARCA FIBRISTRIATUS, W. and W.

(Plate IV, Fig. 21,

j

The original description reads as follows :

“Shell elongate oval, alternate at the beaks, more ventricose be-

low, extremely compressed toward the extremity of the hinge and pos-

terior margin. Beaks terminal, small and pointed
;
hinge-line straight,
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about half as long as the shell. Postero-dorsal margin gently curved

toward the sharply-rounded posterior extremity; ventral margin gently

arcuate, more strongly rounded toward the beaks, a little below which

the ventral surface is somewhat protruded and the margins slightly

gaping, forming a distinct byssal opening. Surface marked by fine,

closely arranged, radiating striae, which become faint or obsolete on

the antero-ventral portion.”

Moot’s run, 70 feet below conglomerate I.

MYTILARCA OCCIDENTALIS, White and Whitfield ?

Plate XI, Fig. i.)

The description of this species is, like most of those in the paper

referred to, very equivocal, without measurements and almost devoid

of comparative proportions.

“Shell extremely elongate, very ventricose, the diameter through

the valves on the upper third of the shell as great or greater than the

breadth from the ventral to the dorsal margins, becoming more com-

pressed toward the posterior, which is abrubtly rounded. Dorsal line

nearly straight, extending about two thirds the length of the shell.

Ventral margin gently acuate to near the anterior where it slopes ab.

rubtly to the beaks. Beaks terminal, obtusely pointed, umbonal prom-

inences sub-angular. Surface marked by closely arranged, concentric

lamellose lines, parallel to the margin of the shell.”

Our species differs from M. fibristriatus in being more expanded

above the umbonal prominence posteriorly, the hinge being longer

and the greatest posterior projection lower. Length, 47 mm., height,

17 mm. Medina county, O.

LYRIOPECTEN NODOCOSTATUS, Sp. n.

(Plate XI, Fig. 5.)

Shell large, longitudinally broadly elliptical; height somewhat

less than the length, margin regularly rounded. Valves similar
;

right

valve flat. Hinge-line straight, length over two-thirds the entire length

of the shell. Anterior ear small, somewhat acute, rather indistinctly

marked off from the valve, but apparently without deep byssal sinus
;

anterior ear much larger and well defined. Surface marked by about
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strong very nodose radii separated by a shallow groove and one,

or occasionally two, unornamented ridges.

Our specimens are all imperfect, but a nearly complete right valve

indicates that the outline must agree closely with that of L, interradia-

tus, H. from the Hamilton group, with which it agrees in size. The

surface structure serves to distinguish it from other members of the

genus. Height, 37 mm., length, 43 mm.
Concretionary zone about seventy feet below conglomerate I, in

Licking and Richland counties.

PTERINOPECTEN CARINIFERUS. Her.

(Plate V, Fig. 12.)

Additional specimens show that the form of the left valve is in-

constant in one particular. The anterior ear occasionally does not

correspond to its fellow in outline but is continued from the anterior

extremity of the hinge nearly at a right angle to point of union with

the body. The ear therefore is nearly a right-angled triangle, but is

marked by the impression of the margin of the corresponding ear of

the right valve. This must be regarded as the typical form, but is

rarely seen as in most left valves the byssal sinus is well-marked.

Length, 17 mm., height, 14 mm., distance between radiating striae

nearly i mm.
This species is quite abundant in Ashland Co.

,
about seventy feet

below conglomerate I, and also occurs at Lodi in the concretions at

the very base of the exposure.

PTERINOPECTEN (?) ASHLANDENSIS. Sp. n.

(Plate XI, Fig. 4.)

Known only from fragments of the left valve. Shell triangularly

sub-elliptical in outline, somewhat oblique, length somewhat greater

than the height. Umbonal region narrow, acute, depressed, body

rapidly expanding toward the front, ant-umbonal margin concave,

long
;
anterior ear unknown

;
front margin a gentle curve

;
post-um-

bonal margin straight
;
posterior ear small, flat, obtusely triangular. Sur-

face depressed convex, ornamented by about fifty irregular wavy ribs

in pairs, separated by narrow impressed grooves, which are crossed by
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concentric, more or less wavy grooves and striations. Length, 25

mm., height, 23 mm.
It is not possible to strictly define this species but it is sufficiently

distinct from any of the associated species.

Concretionary shale seventy feet below conglomerate I, near Lyon
Falls, Ashland Co.

CRENIPECTEN CANCELLATUS. Her.

(Plate V, Fig. 3.)

[Vol. Ill, p. 54, Plate XII, Fig. 7.]

Full-grown specimens of this species are less orbicular, and the

right valve makes it obvious that our species is not a Lyriopecten but

probably Crenipecten, though the hinge is still unknown.

Right valve closely resembling in outline that of Streblopteria

media, but less convex and with a larger posterior ear. Surface mark-

ed, as in the opposite valve, by sharp, fine, and very numerous con-

centric and radiating striae, the radiating striae becoming very coarse

on the anterior.

CRENIPECTEN CREN ISTRIATUS, Meek.

(Plate V, Fig 14.)

A considerable suite of specimens permits little doubt that the

various forms of large Pecten-like shells of the upper Waverly all be-

long in the assemblage named as above by Meek. We have not in-

deed encountered any individuals with the outline as drawn in the

Ohio Palaeontology, but although these figures are not expressly said

to be restorations, yet that this is the case is implied in the following

remarks: “It is remarkable in having only a comparatively shallow

rounded sinus under the anterior ear of the flat right valve, where it is

usually deep and angular in species of this genus, while in the left it is

deeper and more angular, though none ofthe specimens are in a condition

to show its exactform. ’
’

Considerable variation is encountered in shells from different hori-

zons. Those found only a few feet above conglomerate II most near-

ly resemble the figures of Meek, but the left valve has the posterior ear

more strongly produced and larger, while the anterior ear is much
larger and the margin below the sinus is produced and abrubtly angu-
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lar, instead of gently curved. Specimens from about loo feet above

conglomerate II have much larger posterior ears but otherwise remain

nearly the same. The right valve does not usually have the exception-

al form referred to by Meek but posseses the usual strong sinus under

the anterior ear. The surface of the valve is less strongly marked

than the left which is exquisitely ornamented with alternate radiating

and keeled concentric striae. As we have already proposed the term

gramillensis for the form first above described, we may suggest rush-

villensis for the second, since it is there abundant at the top of the ex-

posure. These may be regarded as named varieties or formae.

r

GRAMMYSIA OVATA, Sp. n.

(Plate III, Fig. 12)

Shell of medium size, quite ventricose, convexity being consider-

ably greater than the heig'it, and greatest tumidity near the umbo
length to height as 80-45; general outline sharply ovate, acute poster-

iorly
;
anterior margin short, with a deeply impressed lunule

;
hinge

margin gently curved, escutcheon well defined
;
lower margin a long

sweeping curve passing by a sudden fiexture into the dorsal margin

produced
;
beaks incurved almost over the anterior margin

;
surface

striate, Length, 40 mm., height, 23 mm., ventricosity, 26 mm.
Upper part of division III, Newark, etc

GRAMMYSIA FAMELICA, Sp. n,

(Plate VI, Fig. 5.)

Shell apparently never attaining medium size for the genus, sub-

oval in outline, moderately convex; height to length as ii to 15;

greatest convexity near the upper third
;
beaks very prominent, in-

curved, situated rather more than one-third the length from the front

margin
;
lower (basal) margin a very shallow curve, meeting the ob-

liquely truncated posterior margin rather acutely and curving more

rapidly to the intersection with the anterior margin at about one-half

the height of the shell
;
anterior margin nearly straight or somewhat

concave; the escutcheon not distinct, lunule distinct, though short;

beak enrolled over the hinge-line which is less than one-half the entire

length; post-umbonal slope scarcely defined. Surface marked by
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thread-like strias and rather coarse folds which are most prominent as

they cross the antero-umbonal slope. Length 30 mm., height 22 mm.,
convexity of one valve, 7-9 mm.

This species is unusually short and Schizodus-like and may not be

aGrammysia, thongh doubtless falling in the same group with theWav-

erly species referred doubtfully to that genus by Meek.

Shale below conglomerate I, Granville.

SCHIZODUS (CHEMUMGENSIS, var.) PROLONGATUS, Sp. n.

(Plate VI, Fig I, also Plate IX, Fig. 20, vol. iii.)

It is only in deference to the opinion of able palaeontologists that

this form is separated from the typical S. Chemungensis, from which

it differs almost solely in being generally somewhat more extended at

the postero-basal angle and hence having somewhat more oblique poster-

ior margin. There may or may not be a faint sinus passing upward

from a point slightly forward from the posterior angle. Length, 33

mm., height, 24 mm.
This form is not rare in shales below conglomerate I, at Gran-

ville.

SCHIZODUS NEWARKENSIS, Herrick.

(Plate VI, Fig. 6.)

A number of additional specimens of this our largest Schizodus

afford opportunity for ascertaining the typical form. As supposed,

the original specimen proves to have been considerably distorted,

but the species is quite distinctly characterized by the uniformly curved

anterior margin which forms nearly a segment of a circle and the con-

vexity of the surface near it as well as the obliquely protruded postero-

inferior angle and large size. In outline the species somewhat resem-

bles certain forms of Sc. chemungensis, which, however, never attains

anything like the size of the present species. Length, 80 mm., height,

60 mm. Length, 82 mm., height, 64 mm.

MACRODON NEWARKENSIS, Sp. n.

(Plate IV, Fig. 19.)

Shell of medium size, rather flat, sub-oblong, about twice as long

as high, basal and cardinal margings parallel, the former gently con-
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vex throughout, not affected by a sinus medianly as usual in the genus;

hinge-line shorter than the shell
;
posterior side slightly oblique form-

ing an angle of about ioo° with the hinge; anterior margin apparent-

ly meeting the hinge at nearly a right angle
;
surface depressed poster-

iorly but elsewhere gently and nearly uniformly convex, marked by

both radiating and concentric striae, the former consisting of minute

wavy lines on the post-umbonal space, four or five strong costae on the

umbonal prominence and passing to the postero-inferior angle, and

very fine, straight, close radii on the remainder of the shell, the whole

being delicately and finely cancellated by concentric striae.

Perhaps this species most nearly resembles M. tenuistriata of the

coal-measures, from which it differs in lacking the sinus below, in the

surface markings and outline.

A similar but smaller form is figured by Hall from Bedford, O.

,

but seems to agree with M. hamiltoniae in markings.

M. chemungensis possesses the sinus and differs in markings. The
resemblance to M. micronema, M. and W. * is much more striking

apparently, but our shell is larger and less extended. Length 33 mm.
height 17 mm. Length of another specimen 41 mm.

Near Newark, O., about 60 or 70 feet above congl. II in our di-

vision III.

MACRODON STRIATO-COSTATUS, sp. u.

(Plate VI, Fig. 7 ;
Plate XI, Fig. 37.)

Cf. Macordon pai'vus^ W. and W.]

A small Macrodon of the same group as M. newarkensis is found

in shales seventy feet below conglomerate I, in Ashland Co. It is,

however, a smaller species and does not have the enlarged striae, on

the post-umbonal ridge.

Shell small, transversely semi-elliptical, a little broadest posterior-

ly, hinge nearly equalling the greatest length
;
beak about one-fourth

from the front, somewhat prominent
;
anterior outline a gentle curve,

beginning at the hinge with a little more than a right angle, it curves

more rapidly as it enters the ventral margin which is more or less con-

vex
;
posterior outline somewhat concave

;
surface convex about the

umbonal region, quite flat posteriorly, marked by strong concentric

•I'Proc. Acad. Nat. Sci. Phila. 1886, p. 261,
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furrows and numerous radiating striae. Length, 8 mm., height, i6

mm.
Specimens from Licking and Ashland counties agree quite per-

fectly.

MACRODON, Sp.

Plate XI, Fig. 28.)

A small species resembling M. delicatus of the coal-me asures dif-

fers from all other Waverly species in the strong radiating markings

confined to the posterior two-thirds, while the anterior part of the shell

is nearly devoid of them. Our specimen is too imperfect to admit of

description as the hinge-line appears to be covered or broken away,

but the occurrence of the species with Spirifer marionensis at Ports-

mouth should be noted.

CYPRICARDINIA (MIGRODON ?) SGITULA, Sp. n.

(Plate VI, Fig. 8.)

Shell very small, tapezoidal, highest behind, somewhat convex.

Anterior margin short, concave, forming with the hinge an angle of

about 120°; hinge-line straight, about two-thirds the length; posterior

margin nearly straight, meeting the hinge at an angle of over 135°,

abruptly curved below; lower margin slightly convex, straigthened in

old specimens near the middle. A strong, curved ridge passes from

the sub-terminal beak to the postero-inferior angle, middle of valve

with a shallow sinus passing to the lower margin in old specimens.

Surface ornamented by distant sharply, elevated, rib-like concentric

ridges and grooves. Length of largest specimen, 10 mm., height, 5.0

mm. Average specimen, 7 mm. long.

CARDIOPSIS (DEXIOBIA ?) OVATA, Hall.

(Plate IV, Fig.'^.J^

Dexiobia whitei^ Win.

This species has a curious history of which our specimens do not

permit us to attempt the concluding chapter. It was described by

Prof. Hall in his Iowa report from the Kinderhook group at Burling-
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ton, in the following terms : Cardiomorpha ovata. “Shell ovoid or

siibcordiform
;
valves ovate, slightly oblique, a little longer than wide,

very gibbous in the middle and toward the umbo
;
beaks extended and

incurved. Surface marked by numerous fine radiating striae.”

In the Proceedings of the Boston Society of Natural History, Mr.

C. A. White described Cardiomorpha patvirostris as follows: “Shell

sub-circular in outline, slightly inequilateral; valves broadly and mod-

erately convex; base more broadly rounded than the front and oval

margins
;
beaks small, incurved, pointing little, if any, forward. Sur-

face marked by fine radiating lines.”

In the meantime Meek and Worthen in Proc. Acad. Nat. Sci.,

Phila., 1 86 1, (afterwards also in volume ii of the Palaeontology of Il-

linois) had founded the genus Cardiopsis upon a species from the same

horizon with the following diagnosis: “Shell equivalve, somewhat

inequilateral, very slightly oblique, ovate or cordiform, entirely closed

;

beaks rather elevated, distinctly incurved and directed toward the an-

terior side
;
surface marked by radiating striae or costae

;
cardinal mar-

gin short and rounding into the posterior border, hinge provided with

one or two distinct toterior teeth in each valve, near the beaks.”

To the original species C. radiata. Prof. Winchell added three

more in 1862, (Proc. Acad. Phila., p. 417.) C. crenistriata differs

from C. radiata “only in its striation,” and seems to have been reunit-

ed with that species by its author, and is omitted from the list publish-

ed in 1870. Cardiopsis megumbonata scarcely differs and suggest that

C. radiata may exhibit considerable variation. C. jejuna, the remain-

ing species, seems quite distinct.

In 1863 Prof. Winchell formed the genus Dexiobia {dexios-hid)

to receive D. whitei (rr=C. ovatus -f C. parvirostris, which he identi-

fied as the right and left valves respectively of the same shell) and

another and quite different form, D. halli, which is possibly identical

with Prof. Hairs C. rhomboidea. The diagnosis of the genus is as

follows: “Shell thin, inequivalve, inequilateral; beaks separated by

ail undefined area. Right valve very ventricose, with a prominent

umbo, and a produced, incurved beak, strongly inclined forward. Left

valve much less inflated, with a less prominent beak, scarcely elevated

above the dorsal margin. Hinge-line more or less extended, straight,

or slightly bent, edentulous (?) furnished with a thickened cartilage

plate bearing a linear posterior groove. Pallial line and muscular

marking unknown.”
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The two species associated in this genus differ so greatly that it

may be seriously doubted if they can continue in the same genus.

Unfortunately for the comparison, the right valve alone of D.

halli appears to have been found, thus leaving open the question as to

its being inequivalve. The hinge-line is straight and produced in this

species, while it is quite inconspicuous and curved in D. whitei. The
greater number of characters of Dexiobia, however, apply better to the

second species, though in that case the name, as it proves, is less ap-

plicable, some at least, of the species being nearly equivalve.

In this predicament the best that can be done seems to be to re-

gard “C. ovata” as the type of the genus Dexiobia with somewhat lim-

ited characters, even though strongly suspicious that that species prop-

erly belongs under Cardiopsis. The remaining forms from the Wav-

erly must then constitute a new genus.

A considerable suite of specimens, all from the upper part of the

freestone enables us to prepare the following description.

Shell of medium size, obliquely ovate in outline, quite convex,

asymetrical. Right valve generally somewhat higher than long, vari-

able, triangularly ovate, very gibbous
;
anterior margin evenly rounded;

lower margin ge ntly curved or somewhat straight
;
posterior margin

more acutely rounded, passing obliquely into the short hinge-line which

bears the impress externally oi two teeth, one being anterior the other

posterior
;
beak very prominent, acute, extending above and arching

over that of the opposite valve
;
greatest convexity about at the middle

of the surface which falls off rapidly in all directions
;
surface orna-

mented by nearly sixty rounded costae and irregular concentric striae

and folds. Left valve obliquely ovate, produced posteriorly, slightly

convex, with a short, obtuse beak
;
post-umbonal plane at right angles

to the valve
;
surface marked as in the other valve. The valves meet

closely. Greatest height 20 mm
,
length 18 to 20 mm. About 16

costae to a centimeter in a specimen 20 mm. high
;
in smaller speci-

mens twice as many.

It is indeed possible that two species are represented by our

specimens. The greater number resemble Cardiopsis radiata in the

surface markings but are certainly inequivalve and resemble D. ovata

in outline more nearly than Cardiopsis. If Cardiopsis should be found

to be inequivalve it would relieve us of the necessity for the additional

generic term. The fact that the two forms are derived from the same

horizon is suggestive.
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Genus Oracardia. Gen. n.

Dexiobia, WiNCHELL (pars. ?) {Eiy. oraios-kardia.) Type A. ornata.

Shell somewhat inequilateral, more or less inequivalve, both

valves quite ventrcose, with a strongly curved, acute, elevated beak,

which inclines forward at the apex. Hinge-line extended, produced

posteriorly, furnished with a thickened ridge or cartilage plate. The

beaks are separated from the hinge by a pseudo-area which is elevated

and more or less arched under the beak.

Surface marked by radiating lines which do not tend to increase

in number toward the front.

ORACARDIA ORNATA, sp. n.

(Plate IV, Fig. 8, 9, 10.)

Cf. Dexiobia halli^ Win.

With the characters of the genus. Shell transversely semi-ellipti-

cal, somewhat oblique, hinge-line as long as the shell, straight
;
beak

acute, oblique, recurved, elevated
;
anterior slope concave, flattened,

producing a double ridge, posterior slope more regular, convex or

flattened
;
greatest convexity at about one-third the height from the

beak, front portions curving very abrubtly to the broadly curved low-

er margins
;
anterior margin meeting the hinge by a gentle curve.

Surface marked by rounded distinct ribs which are closely set and con-

tinue for the most part from beak to lower margin, also by irregular

concentric folds.

The area is acute below the beak. Judging from our specimens

the right valve is somewhat more convex than the left but not remark-

ably so. Height of a left valve, 22 mm., length, 27 mm., convexity

9 mm., six striae occupy a distance of 5 mm., at the lower margin.

Several specimens were found near the top of the freestone of middle

Waverly. A very small specimen apparently of this species was ob-

tained 108 feet above conglomerate I in Richland Co. Dexiobia halli,

and Cardiomorpha rhomboidea may both refer to this species, though

the description of the latter is insufflcient and the former is said to be

smooth.
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ORACARDIA CORNUTA. sp. n.

(Plate IV, Fig. 6.)

Shell small, body subquadrate or semi-oval. Right valve (alone

known) with the body nearly quadrangular but enormously produced

at the umbo, to form the very high, strongly coiled beak which ex-

tends half the height of shell above the hinge, which is straight, equal-

ling the greatest length and bears the impress of the usual cartilage

plate or ridge. The surface of the cast bears traces of numerous rad-

iating and concentric striae. The shell might at first be taken for

a Platyceras if the hinge were overlooked. Height, ii mm., length.

9 mm.
Immediately below congl. I with Palaeoneilo elliptica,

CONOCARDIUM ALTERNISTRIATUM. sp. n.

(Plate XI, Fig. 24 ;
Plate V, Fig. 7. ?)

Of medium. or large size for the genus, rather strongly convex.

Lateral surface composed of two facets or curved, triangular planes

separated by a more or less well-marked depression or groove, of these

the anterior is strongly convex to the incurved beak, is about twice as

wide as high and marked by about ten distant ribs which are separated

by intervals wider than the ribs, both the depressions and the tops of

the ribs being plane
;
the posterior portion of the surface is less con-

vex and longer than high and is marked by over twenty closely set and

very irregular ribs, there is a tendency to alternation but frequently

two or three of the smaller costae separate those of the larger set
;
the

ant-umbonal surface is heart-shaped in outline and rather strongly con-

cave to near the projecting tubular projection, where it is strongly re-

flexed, marked by 12-14 rather closely set arching ribs. Surface fine-

ly marked by concentric strife especially between the ribs.

All the specimens of this fine species seen were more or less dis-

torted as is usual in this genus, hence it is not safe to rely too implicit-

ly on proportions as seen in any specimens.

Height of small specimen, 15 mm., length from umbonal ridge

to posterior, about 16-18 mm., convexity of both valves, about 10

mm. Height of a larger specimen along umbonal ridge, 24 mm.
Bagdad and Burbank, Ohio, above the concretionary shales of

Lodi.
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There is no species known to us sufficiently resembling this one

to require comparison.

Genus Pal^oneilo.

Much yet remains to be done in the way of comparative study of

these perplexing forms of which our material is far from satisfactory.

We are inclined to withdraw the name Goiiiodon^ provisionally used

for some of these forms, though G.j. ohioense can hardly enter any of

the genera as now limited. The hinge, however, probably had true

teeth in an uninterrupted series. Our series begins in thq Bedford

shales in northern and central Ohio, with a species of Palaeoneilo,

called by Meek, P. bedfordensis, but which is very closely allied to

Plamilton P. constricta. Something over one hundred feet higher we
find our P. consimilis which somewhat resembles in outline P. maxima
of the Hamilton.

PALAEONEILO CONSIMILIS, sp. n.

(Plate IV, Fig, 14.)

Very similar to P. bedfordensis, but more elongate. Sub-ovate,

produced posteriorly; length to height as 17 to 12 ;
basal margin very

convex opposite the beaks, curving regularly toward the front but

straightened, almost sinuous, toward the narrowed posterior extremity;

hinge declining from the beaks, which are near the anterior third
;
sur-

face rather flat with an obscure sinus posteriorly, marked by very fine

concentric striae. Length, 17 mm., height, ii mm. This species

connects P. bedfordensis with P. ignota and does not greatly differ

from the extremely elongated varieties of P. constricta.

When describing P. bedfordensis Mr. Meek refers to P. brevis of

the Chemung as its nearest ally. Had he, however, compared it with

P. constricta he might have hesitated to distinguish it. Compare, for

example, our Fig. 8, Plate IX, with Fig. 3, Plate XLVHI, Vol. V,
Pal. N. Y. The only difference appears to be the bolder sweep of the

anterior outline in P. bedfordensis.

Near Harlam, Delaware Co., O.
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PAL/€ONEILO IGNOTA, sp. n.

(Plate IV, Fig. 15.)

Shell of medium size, moderately convex, rather thick, height

two-thirds the length, the greatest height a little posterior to the beaks

which are one-third the distance from the front, basal margin semi-ellip-

tical, terminating before and behind at nearly one-half the height
;
an-

terior margin sub-parabolic
;
posterior outline rather acutely terminat-

ing at about one-third the height from the somewhat oblique hinge

;

posterior projection compressed; surface most ventricose near the mid-

dle, marked only by very fine, numerous, crowded concentric striae.

Hinge with five moderate teeth in front and fifteen or more very fine

denticLiles behind which diminish toward the beak.

The shell could easily be mistaken for a Nucula (Ctenodonta) as

frequently used but is obviously related to the group of Palaeoneilo,

found in the Chemung. Length, 14 mm., height, 9 mm.
Moderately abundant in Nodules at Moot’s run. Licking Co.

This species bears some resemblance to P. bedfordensis. Meek,

but is not sinuous or greatly compressed posteriorly.

PALAEONEILO (NUCULA ?) CURTA, sp. n.

(Plate IV, Fig. 4.)

Quadrangularly sub-oval, moderately convex, hinge and front

margins sub-parallel
;
posterior margin evenly rounded, anterior mar-

gin acutely angled, lunule strong; beak one-fourth from the front;

hinge in front of the beak with five or six small teeth, behind with sev-

en stronger denticles. Length, ii mm., height, 6.5 mm. Freestone

of middle Waverly.

PALAEONEILO SULCATINA, Win.

(Plate IV, Fig. 17.) ^

Quite common forty feet below conglomerate I, Union, Licking

county.

NUCULA (CTENODONTA) HOUGHTONI,

(Plate IV, Fig. 3 ;
Plate X, Figs. 4, ?.)

This species in several minor varieties seems to extend from the
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middle to well into the upper third of the Waverly. The figures on

plate four represent specimens from a horizon forty feet below con-

glomerate I, that on Plate X, from Cuyahoga Falls.

NUCULANA, sp.

(Plate IV, Fig. 12.)

A small species known only from imperfect casts differs from all

other Waverly species in the outline. The anterior portion is very

short and abrubtly rounded. The hinge margin is straight and oblique

to the axis of the shell. Posterior portion short and acute
;
surface

moderately convex. Length, 9 mm., height, 5 mm., beak about 2

mm. from front.

Williams quarry, Granville. Freestone.

NUCULANA NUCUL/EFORMIS, Stevens?

(Plate IV, Fig. 23.)

Opportunity has not presented for careful comparison with au-

thentic specimens of this species hence our identification is provision-

al. Found associated with Ctenodonta houghtoni above conglomer-

ate II at Newark. Length, 18 mm., height, 10 mm.

NUCULANA, sp.

(Plate IV, Fig. ii.)

This is the characteristic species of this genus in the freestone, but

the material is too imperfectly preserved for description.

FLEMINGIA (?) STULT-S5. sp. n.

(Plate VII, Fig. 10.)

Shell small, acutely conical
;
spire composed of five whorls, ob-

liquely flattened along the dorsum to produce a plane conical spire

with sub-carinate suture
;
surface of cast unmarked. Diameter of low-

er whorl, 10 mm., height of spire, ii mm. The body whorl is

strongly angulate along the free side and slopes rapidly to the umbil-

icus which with the aperture is unknown. A single specimen from
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the freestone of the middle Waverly is thus named because of the con-

ical spire resembling a fool’s cap.

Since writing the above a number of specimens imbeded in the

freestone near the top of division II have been collected. These

specimens seem to prove that our species is a trochoid shell and not a

Pleurotomaria. No evidence of a peripheral revolving band or of a

notched outer lip can be observed, while the strictly conical spire and

angulated lower margin of the body whorl and what can be seen of the

lip suggest Fleminf^ia. The spire is often higher than in the specimen

drawn and the outer surface of the volutions somewhat convex, but

never in either respect equalling Flemingia turbinato-conica of Dekon-

inck. It may be compared with F. coniformis, Dek. There are usu-

ally four whorls which are marked in the casts only by the impressed

lines of growth. The aperture is not well preserved but seems to be

lenticular. The umbilical surface of the lower whorl forms nearly a

right angle with the spire.

Height of spire in largest specimen, 13 mm., diameter of largest

volution, about 12 mm. Other specimens are only 4 mm. high, and

equally broad.

PLEUROTOMRIA TEXTILIGERA, Meek.

(Pal. O., Vol. II, p. 314.)

This pretty species is quite common at Bagdad, and occurs also

at Lodi on a slightly lower horizon. It has not been found in the

central or southern part of the state.

PLATYCERAS LODIENSE, Meek.

(Plate XI. Fig. 2^ Plate VIII, Figs, i and 7.)

We have specimens from Bagdad which may represent this spe-

cies if Meek’s description was prepared from a young or imperfect

specimen. Much variation is permitted within species of this genus.

The following added particulars are noted

:

The shell though never spirally coiled may be considerably arched

and restricted at the tip or it may be nearly straight above the poster-

ior margin of the aperature. The carina of the anterior surface (in

the cast) does not reach the aperture in large specimens but termi-

nates by a triangular attenuation. Near the aperture the sides are
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more or less plicate. The apex of our specimens resembles Meek’s

figures.

ORTHOCERAS HETEROCINCTUM, Win. ?

The specimens referred to this species are all fragments and

are insufficient to fully determine the identity.

Shell unequally annulated, tapering rather rapidly, section sub-

circular, siphuncle central (?). Chamber of habitation very long, an-

nulated irregularly, annuli rounded? separated by shallow concave

grooves. Septa slightly oblique, distant about one-fourth the diame-

ter or less
;
septate portion very irregularly or scarcely annulated

;
sur-

face marked by close, concentric, raised striae. Transverse diameter,

12 mm., chamber of habitation, 38 mm., distance of septa, 3 mm.
Lodi and Burbank, Ohio.

GYROCERAS, sp.

A species apparently of this genus with close resemblance to G.

Rockfordensis, M. & W. is found in the upper division, perhaps sev-

enty feet above conglomerate II. It seems rather larger than the

species quoted, but in general characters, so far as known, is similar.

CONULARIA VICTA, White ?

' (Plate VIII, Fig. 3.)

White, Proc. Post. Soc. N. H, vol. IX, p. 22.

Shell square-pyramidal, moderately acute, uninclined, with the

sides nearly equal, and moderately convex, inclined to each other by

about 15 degrees. The angles are marked by the usual grooves, into

which the striae pass without abrupt downward flexture, meeting near-

ly directly, while the middle of the lateral faces bears an ill-defined

suture (which is rather the intersection of two synclinal planes of the

surface than a groove) where the striae meet at rather large angle and

generally in opposition rather than alternately. The inclination of the

striae is such that at the median groove the striae are nearer the aper-

ture by the width of from five to seven striae than at the angles. The
surface is marked by very numerous, acutely ridged striae, of which

there are 28 to the centimeter or 70 to the inch, these striae were

sharply ridged or keeled but apparently not crenulated, groove separ-
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ating the striae narrow, rather shallow, imornamented. Length of

specimen 45 mm., width near the base about 14 mm.
From C. micronema, which it most resembles, this species differs

in the greater coarseness of the striae which are hardly half as numer-

ous, and especially by their sharp curvature toward the aperture thus

intersecting more acutely at the median groove.

The species may be compared with C. sub-carbonaria of the Keo-

kuk group but obviously differs in several characters. Unfortunately

our specimens do not preserve the surface sufficiently to make the ab-

sence oLsculpture certain, while the figure has been restored as to the

aperture and must not be too fully trusted in that respect. Other

specimens differ from that figured in the less acute intersection of the

striae at the median suture and seem to have a minute pearling of the

summits. The number of striae varies from 45 to 70 in one inch.

Associated with C. newberryi, in the upper division from 50 to

100 feet above conglomerate II, Newark, Rushville, and near Lou-

donville.

CONULARIA GRACILIS, sp. n,

(Plate VIII, Fig 2, also Plate VI, Fig. 13, vol. iif.)

In our discussion of C. newberryi in the last volume the differ-

ences existing between the Conularias of various horizons were refer-

ed to, especially in the case of the form found at Moot’s run and else-

where, at a distance of seventy feet below conglomerate I. This

form is now represented by abundant material and proves to be a

very distinct and remarkable species. C. newberryi itself seems only

to occur above conglomerate I, being abundant in shales just below

conglomerate II and in division III. It is found in the Cuyahoga

shales and seems to attain the coal-measures. The present species may
be defined as follows :

Shell quadrangular, extremely elongate with nearly parallel sides,

attaining a length of five inches or more. In a specimen 18 mm. wide

at the base there are eight ridges in one centimeter but they vary with

their position and size of the specimen. Lateral surfaces flat with but

a faint median suture, while those of the angles are well defined. The

summits of the ridges are ornamented by closely set bars parallel to

the length of the shell which are strictly limited to a zone bordered by

a depression on either side. The ridges arch gently. Mouth with

well developed lips. (See Plate VI, Vol. iii.)
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Moot’s run, and near Loudonville, 6o to 8o feet below conglom-

erate I, also at Alexandria, O.

CONULARIA MICRON EM A, Meek. var. n.

(Plate VIII, Fig. 4.)

Shell square-pyramidal, moderately acute, uninclined, with the

sides nearly equal, nearly plane or gently convex, inclined to each

other at an angle of about fifteen to eighteen degrees. The angles are

marked by the usual groove into .which the striae pass by a very sud-

den flexture, while the middle of the lateral faces bears a definite

though narrow groove, across which the striae do not pass. The sur-

face is marked by very numerous, closely crowded, thread-like, gently

curved striae of which there are 60 to the centimeter or about 150 to

the inch
;
these striae are ornamented by pyramidal prominences which

are separated by a distance less than the interval between consecutive

striae.

CRUSTACEA.

Considerable attention has of late been paid to the trilobites of

the Carboniferous and immediately preceeding formations.

Beginning with a brief synopsis by the writer in May, 1887,* and

a description of a perfect specimen of Fhtllipsia auriculata^ there fol-

lowed in the same year Lieut. Vogdes’ ‘‘Genera and species of N. A.

Carboniferous Trilobites,” and in the next year, in April, a descrip-

tion of Phillipsia [Froetus) Frcecursorm Bui. Den. Univ. vol. iii, and

a little later the last volume of the Palaeontology of New York in

Miich are discussed a large number of Devonian and Carboniferous

species. •

One or two points in Mr. Vogdes’ valuable paper should be noted.

For example, on page 81, in quoting FhilHpsia trinucleata^ Herrick,

he refers to it as from the Waverly instead of a well-authenticated

coal-measure horizon. Influenced apparently by this impression the

'•'“Synopsis of Carboniferous Trilobites” forming appendix I to the first in-

stallment of the present article entitled “Carboniferous Fossils, from Flint Ridge,

Ohio.” This paper has been quoted by continental reviewers as by Mr. Flint

Ridge, Esq., illustrating at once the illusory character of fame and the care be-

stowed by trans-atlantic authors in dealing with American papers.
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species is referred to the genus Proetus to which it can hardly be as-

signed upon any of the various definitions of that genus.

The case of Proetus missourtensis
^
Shum. is likewise somewhat

confused. Proetus auriculatus, H. is said to extend from the Chem-

ung into the Waverly group, while as a matter of fact it was originally

described from Granville, O., where our author states P. missourien-

sis is found. Though originally referred to the Chemung these strata

are typical Waverly. Prof. Hall, moreover, identifies his species with

P. missouriensis. Nevertheless Mr. Vogdes states that in specimens

from Cameron, Missouri the “genal angles appear to he obtusely

rounded off,” and they are so drawn. Certainly the head figured on

Plate III, of that paper differs widely from that drawn by Meek, which

is copied for comparison, and is totally unlike the Ohio specimens in

the character of the movable cheeks.

Prof. Hall in his last report insists that this species is a Proetus

though recognizing the specific identity of Missouri and Ohio speci-

mens. The question is largely one of individual opinion as to the

limits of the two genera. Though the writer would prefer to restrict

the application of the name Proetus to species of the group of P. bo-

hemicus^ Corda, reserving those with large basal lobes and but two dis-

tinct furrows upon the glabella and longer head-shield for the genus

Phillipsia, the question must be decided by the consensus of palaeon-

tologists.

The catalogue of Mr. Vogdes as thus corrected includes from the

Waverly the following five species of Proetus : P. auriculatus^ P. logan-

ensis, P. peroccidens, P. t ellipticus and P. tennessensis, but it is still un-

certain how far the Wahsatch strata referred to the Waverly are really

equivalent to the original Ohio formation, thus two of these are ren-^

dered doubtful, viz : P. loganensis and P. peroccidens. To these

must be added four species referred to Phillipsia, P. doris, P. insignis,

P. meramacensis and P. rockfordensis of which some may prove to

belong to Proetus.

The list is then completed with Brachymetopus (?) lodiensis making

ten species from the Waverly and its equivalents. To these we shall

add seven additional species, all from the Waverly in Ohio and this by

no means exhausts the known species, for several forms are too im-

perfectly represented for intelligible description. It must be noticed

at the outset that the Waverly is not a homogeneous formation but a

convenient term for a series of strata in Ohio which are more or less
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similar lithologically, though including representatives of all the ep-

ochs from the Hamilton to the Chester or St. Louis. The evidence

upon this question will be given at length in the sequel. Using the

provisional divisions of the Waverly as suggested in our earlier discus-

sion of this group we find the distribution of species in Ohio as follows
;

Upper division (carboniferous), Phillipsia merainacerisis, P. serraticau-

data, sp. n., Phillipsia, sp. n. (closely related with P. auriciilatus,)

Phaethonides occidentalis, sp. n., and Phaeihonides immaturus, sp. n.

In division II, or that consisting of the freestone of central Ohio

and the adjacent shales, we have thus far but the single species, Phil-

lipsia auriculata (=rProetus missouriensis) while in division I, embrac-

ing the lower and larger portion, we find Phaeihonides spinosiis n.,

Phillipsia (?) consors, sp. n., P. lodiensis, Meek? Proetus prcB cursor,

Herrick, Proetus minutiLs, sp. n.
,
and Proetus sp. ?, as well as near the

top P. auricIliatus. Tims in the lowest member the genera Proetus and

Phaethonides predominate and the species referred to Phillipsia are at

least closely related to Proetus and are of a Devonian rather than a

carboniferous aspect. The middle division introduces no new ele-

ment while the upper contains true Phillipsias as well as species of

Phaethonides nearly allied to the carboniferous genus Brachymetopus.

So far then as the distribution of the trilobites is concerned all facts

sustain the conclusions elsewhere expressed as to the Devonian affini-

ties of the faunae of the two lower members. We add descriptions of

the species.

Genera Phillipsia and Proetus.

r

While extreme examples of these genera as now understood are

readily distinguished, they merge imperceptibly into each other, mak-

ing the task of separating the allied forms very difficult. If one relies

solely on the number of thoracic segments the resulting assemblages

will be otherwise inconsistent not to mention the practical difficulty

that, as the complete thorax is rarely preserved, we are forced in prac-

tice to depend on characters of pygidium and head. If it could be

agreed to limit the genus Proetus to forms like P. bohemicus, Corda,

the problem would be more simple. We append the diagnoses of the

genera in parallel columns.
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Phillipsia.

General form oval.

Head never over one-third the

length and shorter than pygidium.

Head surrounded by raised bor-

der.

Glabella with parallel sides.

Basal lobes separated by a dis-

tinct furrow from rest of glabella.

Glabella with two or three fur-

rows.

Free cheeks produced into

spines.

Cervical suture deep, cervical

segment high.

Eye large, facetted.

Thoracic segments nine (or ten.)

Pygidium with a rounded bor-

der which is usually narrow.

Number of segments large (from

10-18.)

Proetus.

Do.

Head shorter than one-third and

shorter than pygidium.

Do.

Do.

Do. but smaller and

more transverse.

Glabella with three more or less

distinct furrows.

Free cheeks triangular less, fre-

quently with spines.

Do.

Do.

Thoracic segments eight to ten.

Border of pygidium rather broad

and flat.

Number of segments less (4-13).

PHILLIPSIA SERRATICAUDATA, sp. n.

(Plate I, Fig. 8, a—d.) #

Glabella a little longer than wide, apparently about one-third as

wide as entire shield, moderately elevated, surface rather depressed,

narrower anteriorly, marked by three distinct lateral sulci with some

indications of a fourth
;
postero-lateral (basal) lobes rather small, very

oblique
;
produced back of the median lobe

;
the second and third fur-

rows short, near together but separated by a wider interval from the

first and less oblique. The elevated median lobe is separated by the

very narrow anterior border by a narrow deep sulcus
;
neck segment

very broad. Only a part of the movable cheek has been seen and it

cannot be determined whether it is mucronate or not.

Outline of pygidium parabolic, length about two-thirds the width;

median lobe rather convex, composed of about twelve segments which

are separated by rather deep rounded grooves
;

lateral lobes moderate-
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ly convex, marked by the same number of annuli as the median one,

which are continuous to the very narrowed abrupt border. Segments

ornamented along the posterior margin of the elevated portion by

short, sharp, curved spines. This species is remarkable also for the

distance of the convex, rather prominent termination of the median

lobe from the free margin.

Length of glabella, lo mm., width, 7.5 mm., distance from third

lateral furrow to front 4.5 mm. Length of pygidium, 9 mm., width,

10 to II mip.

Seventy-five to one hundred feet above congl. II, Newark, 100

feet above congl. II, Rushville, and 108 feet above congl. II, in

Richland Co. The horizon from which this species comes is well

marked and restricted.

PHILLIPSIA (?) CONSORS. sp. n.

(Plate I, Fig. 16, a, b, c.)

Closely related apparently with P. serraticaudata. Her. Glabella

almost exactly as in that species, length to width, as 8.5 to 5.5 at basal

lobes
;
narrowed in front, depressed, marked by three lateral grooves,

surface very densely marked by pustules of two sizes. From the spe-

cies quoted the glabella differs in being rather longer proportionally,

and more densely marked. The anterior part -of head was not seen

but very likely the border is narrow. Pygidium strongly elevated,

parabolic, with a very narrow, smooth border
;
median lobe reaching

rather nearer the posterior of pygidium than in P. serraticaudatus,

composed of from 9 to 12 segments which are narrow, separated by

concave grooves and ornamented by numerous perpendicular (not

curved) pustules
;

lateral lobes strongly curved with about nine obvious

segments ornamented as above.

Length of median lobe of glabella, 8.5 mm., width, 5.5 mm.,

length of pygidium, 9 mm., width, 10 mm. When flattened the py-

gidium approaches in proportions those of P. serraticaudata.

Five specimens were obtained at Lodi while looking for P. lodi-

ensis, but there can be no possibility of our specimens belonging to

that form. The structure of the head a little suggests P. prsecursor,

above the horizon of which it lies.
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n
PHILLIPSIA MERAMACENSIS. Shumard.

(Plate I, Fig. 6.)

Our knowledge of this species rests on the single pygidium from

an isolated expetsure on a horizon about seventy feet below the Chester

and apparently no to 120 feet above congl. II. It is undoubtedly

near the horizon of P. serraticaudata. In as much as P. meram-

acensis was described from strata referred to the Chester, the close

stratigraphical relation to acknowledged Chester rocks in Ohio is sug-

gestive of an inference suggested by other facts, i. e.
,
that the suppos-

ed hiatus above the Waverly does not in reality exist or at least is not

as great as supposed. The Chester at this place is but about twenty-

five feet thick and is followed without unconformity by sandy shales

and a micaceous sandstone introducing the coal-measures. For de-

scription see Bui. Den. Univ. vol. iii, p. 28, and Plate XI of the same

volume but published with Vol. IV.

PHILLIPSIA (PROETUS) AURICULATUS, Hall

(Plate I, Fig. 14.)

Proetus missouriensis

^

Shumard.

Phillipsia shumardi, Herrick.

For as complete a description as now possible see Bui. Den.

Univ. vol. ii, p. 69.

The range of this species is for the most part limited to the free-

stone of middle Waverly, but a specimen has been found immediately

below conglomerate I and a variety not at present specifically sep-

arable occurs up to one hundred feet above conglomerate II. See

opening sentences of present article for history of the species.

PHILLIPSIA (PROETUS^ PR>ECURSOR, Herrick.

(Plate I, Fig. i.)

This is a beautiful and characteristic species and seems quite rig-

orously limited to a zone scarcely 30 feet thick about seventy-five feet

below conglomerate I. Specimens have been found only in one lo-

cality four miles west of Granville, where, however, the species is

abundant.

Our P. praecursor differs from P. haldemani in having the genal

angles produced. It is much like P. microcephalus but has a shorter

glabella and smaller basal lobes.
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In connection with this genus it is necessary to notice the

only exception to the statement that no species of Phillipsia is known
below the Waverly. P. longicaudata, H. described as from the Ham-
ilton though some doubt was expressed whether it was not after all a

coal-measure species, is certainly a Phillipsia and, judging from the

figure, identical even in the state of preservation with P. sartgamonen-

sis, M. and W. It seems quite likely that the same specimen was em-

ployed in both figures, though it was derived from an unknown local-

ity north-east of Des Moines, Iowa.

The genus Phillipsia proper, begins at the beginning of Division

III, i. e., at that horizon which most nearly corresponds with the low-

er part of the' Burlington group, and forms the introductory member
of the Carboniferous in Ohio.

Genus Proetus.

The Devonian of America is well supplied with species of this

genus, of which five species are found in the upper Helderberg. The

corniferous limestone contains P. folliceps^ P. clams, P. canaltealatus,

P. verneiiili, P. tnicrogemma, P. (?) planimarginalus, P. sienopyge, P.

ovifrons, P. delphinulits and P. tiimidiis—ten species. In the Hamil-

ton Prof. Hall notes, P. haldemani, P. macrocephalus, P. rowi, P. jeju-

nu,s P. phocion, P. proiiti, P. nevadee, P occidens.

Then, strangely enough, the race seems to end So far as evidence

thus far has offered, trilobites ceased to exist with the end of the Ham-
ilton, as no remains are known from the Portage and Chemung strata.

This has naturally given much trouble to geologists in view of the con-

siderable development of these Crustacea in the Carboniferous. The
whole difficutty disappears when the view here advocated is accepted

and we find in Ohio a continuous sequence from Hamilton to Coal-

measures with no serious break. The Hamilton genera are very grad-

ually superceeded in the lower Waverly and the transition to the coal-

measure species is complete.

PROETUS (?) (cf HALDEMANI. H.)

(Plate I, Fig. 12)

Our material is too poor to permit a rigid definition of the species,

but its position is so near the base of the Waverly that its peculiarities

may warrant a reference.
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Head unknown
;
thorax consisting of nine slightly convex seg-

ments, the axial and pleural portion having about the the same width,

length slightly over twice the width
;
pygidium over one-half as long

as broad, very flat, consisting of about ten coalesced segments, axial

lobe very wide, considerably over one-third the entire width, termi-

nating obtusely near the margin
;
pleural surface gently convex with

about nine obvious segments which are low and separated by shallow

grooves. There are some indications that there may have been a broad

plane border, in which case the proportions would correspond to P.

shumardi quite nearly. It is quite unlikely that it is identical with

that species, however.

One mile east of Harlam, Licking Co., in shale 200-300 feet from

the base of the Waverly.

PROETUS MINUTUS, sp. n.

(Plate I, Fig. 7, a, b.)

An exceedingly small species quite unlike its associates.

General form broadly oval, head as long as the pygidium
;
glab-

ella large with very small, strongly marked basal lobes and elevated

median lobe, which is narrow, with parallel sides and terminates at

some distance from the front margin. The markings are not displayed,

the surface being exfoliated. Cervical 'suture deep, cervical segment

apparently narrow. Median lobe of glabella nearly twice as long as

broad. Thorax with nine segments, very distinctly trilobed. Pygid-

ium two-thirds as long as broad, with a very wide concave border,

axial segments eleven or twelve, pleural segments eleven. Pygidium

rather flat with rounded costae which disappear toward the margin.

Moot’s run. Licking Co., O.

Genus Phaetho.xides, Angelin, 1878.

The present writer had gone so far as to separate the species now

to be described with Phillipsia lodiensis. Meek, as constituting a sep-

arate genus allied to Brachymetopus when the adoption and modifica-

tion by Prof. Hall of the genus Phaethonides fell under his notice.

Hail, however, does not entirely agree with its founder in the applica-

tion of the name to the group for which Barrande proposed Phaethon.
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This name was applied to proetoid forms with fimbricated pygidium.

As amended by Angelm, this genus includes both forms of pygidia

where the glabella is short and ovoid, having distinct basal lobes and

two pairs of faint obsolescent, lateral furrows in front of the lobes. As

stated by Hall the genus connects Cyphaspis and Proetus and (as he

might have said) introduces Brachymetopus.

Diagnosis. Cephalon as in Cyphaspis [semicircular, genal angles

produced into spines. Glabella strongly arched, short and narrow,

with two small pyriform basal lobes, bounded on all sides by deeply

impressed furrows. Anterior lateral furrows obsolete] the frontal area,

however, being more deeply concave and the lateral glabellar furrows

stronger and generally duplicate. Thorax composed of not less than

seven narrow segments and probably more. Axis wide. Pygidium

Proetoid, relatively large, bearing from eight to twelve annulations

upon the axis and eight or nine upon the plurse. These annulations

extend to the margin and are conspicuously duplicate their entire

length. Surface turbercled or smooth.” The genus extends from the

Upper Helderberg to the Hamilton, and, as we now show, to the close

of the Chemung in Ohio.*

PHAETHONIDES OCCI DENTALIS, sp. n.

(Plate I, Fig. lo, a, b.)

Glabella two-thirds as long as the head-shield not including the

neck segment, sub-oval, quite tumid behind but flattened anteriorly,

highest point rather behind the middle, distinctly separated by a groove

from the small lateral lobes, also marked near the anterior third by a

slight depression at the sides
;
head-shield in front of the glabella grad-

ually descending to the rather narrow somewhat elevated border which

is set off by a broad ill-defined groove
;
eyes apparently distant from

the glabella, cervical segment narrow, separated from the glabella by

a narrow deep groove, entire surface tuberculate. (The specimen

does not preserve the entire shield, but it was evidently much more

broadly rounded than is usual in Brachymetopus.)

Pygidium semi-elliptical, elevated, consisting of about sixteen

-’-In the Trans, of N. Y. Acad. Sci., June 4th 1888, Mr. Vogdes describes

from the Waverly of Sedalia, Mo., Griffithides ? sedaliensis, Vogd
,
which seems

to belong to the present group.
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united segments, axis rather more than one-third the entire^proximal

width, tapering gradually to its blunt prominent distal extremity, which

is near the margin, strongly elevated and ornamented by a series of

tubercles on each of the segments, which are circular in section and
separated by deep, narrow grooves; pleural portions suddenly and
strongly deflected at a short distance from the axial lobe, but becom-

ing less oblique to form the narrow margins which are not otherwise

defined, the nine or ten pleural ribs are elevated and keeled, the keel

bearing from two to five small tubercles and extending out upon the

free margin as a strong rib, terminating in a tooth or tubercle on the

free margin
;
length of pygidium four-fifths or more of the width.

Length of pygidium, 8 mm., width, lo mm. Length of head-shield,

7 mm., length of glabella, 4.4 mm.
Several heads and pygidia were collected in conglomerate II at

Granville and Newark.

PHAETHONIDES SPINOSUS, sp. n.

(Plate I, Figs. 4-5.)

Glabella two-thirds as long as head including the neck-segment,

narrow, not much expanded posteriorly, form much as in P. occiden-

talis, but with smaller postero-lateral lobes and no indication of an an-

terior pair of grooves. Anterior margin of head narrow, separated

from the median lobe of glabella by a very shallow concavity which

becomes convex as it nears the glabella. Surface profusely set with

high tubercles, those upon the glabella forming about eight rows, lat-

eral lobes with three small spines.

Pygidium of large size for the genus, very convex and much

arched, composed of fourteen coalesced segments, axial lobe elevated,

its segments moderately convex, separated by comparatively shallow

and not very narrow grooves, and ornamented by five sharp almost

spinous tubercles, of which the central one is largest and separated

from the lateral ones by a greater interval than separates the latter;

pleural surfaces convex, suddenly depressed near the middle of their

width nearly perpendicularly to fhe shallow groove separating the very

narrow margin; eight or nine pleural ribs carinate, with from one to

four spinous tubercles, ribs nearly disappearing in the marginal groove

but springing into an oblique acute spine on the raised margin. The

ribs of the pleura bifurcate near the margin by the division of that por-
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tion of the ribs behind the keel. Length of head, 6 mm.
,
length of

glabella, 4 mm. ,
width, 3 mm. Length of pygidium, 7 mm. ,

width,

9-10 mm.
This beautiful species is found at Moot’s run 70 to 80 feet below

congl. I. The pygidium is very .like that of P. occidentalis but the

greater coarseness of the ribs and the spinous armature with minor

features serve to distinguish the species, which differ more widely in

the characters of the head.

Calcareous concretions seventy feet below conglomerate I, Lick-

ing and Ashland counties.

PHAETHONIDES? IMMATURUS, sp. n.

(Plate I, Figs. 9 and 15.)

This species is known only from pygidia, none of which preserve

the characters perfectly. It is quite possibly this is the species described

by Meek as Phillipsia lodiensis but in as much as it is not found on the

same horizon it seems better to distinguish it.

Pygidium rather flat in all specimens seen, semi-elliptical, axial

portion with about twelve lobes, rather rapidly tapering, pleura with

duplicate ribs anteriorly, about eight being visible, extending out upon

the rather narrow but obvious margin where they are slightly nodose,

median and lateral lobes ornamented by about three large distant

tubercles. This is a very small species occurring 100 feet above con-

glomerate II, at Newark and also in the upper layers at Cuyahoga

Falls. Fig. 9 is from the latter place and considerably enlarged by

camera. It has been called P. lodiensis by collectors.

PHAETHONIDES (?) LODIENSIS, Meek.

(Geol. Surv. O. vol. ii. Palaeon. Plate XVIII.)

The figures of this species make it probable that it is congeneric

with P. spinosus and it is apparently but little above it stratigraph-

ically. Collectors seem to have confused with it our P. immaturus or

other species from a higher horizon. The form of glabella with the

long median lobe ally it with some forms of Proetus.
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CYTHERE OHIOENSIS, sp. n.

(Plate VIII, Fig. 8, Vol. III. Plate III, Fig. 19.)

Carapace narrowly ovate, smooth; profile rhomboidal, acute at

either end; valves marked by a rather acute prominence near the

middle of the length and one-third from the dorsal margin, surface

very strongly arched toward the dorsal margin, more gently inclined

to the ventral margin.

Length, 7 mm., width, 35 mm. Common in the upper part of

division III, at Newark, Rushville and Ashland Co.

The generic reference is purely provisional, the species resembles

a Leperditia in some respects, though seeming like an enlarged

Cytherella. It may be compared with a form figured by Meek from

Nebraska.

Before taking up the general discussion of the list here presented

we should study the Coelenterata, Echinodermata, Bryozoa, and

Pisces, of all which groups more or fewer specimens have been secured.

Unfortunately the material collected in all but one is very meager,

while the crinoids have already been quite fully discussed by Prof.

Hall. The Bryozoa are abundant upon several horizons. We have

been so fortunate as to secure the assistance in this difficult group of

the highest ^authority upon the subject of sub-carboniferous Bryozoa,

Mr. E. O. Ulrich, whose work in connection with the Geological

surveys of Minnesota and Illinois places him in a position to speak

authoritatively upon this group. This is of special moment in the

present instance in as much as the localities furnishing Bryozoa (ex-

cepting a single horizon) are well up in the series and have been re-

ferred on other grounds by us to just those epochs chiefly represented

in Illinois,

Of the kindness of Mr. Ulrich in preparing and donating the fol-

lowing paper we desire to make special acknowledgment.





Prof. C. L. Herrick.^ Denison University., Granville, Ohio.

Dear Sir :

—

I transmit herewith a brief report on Waverly bryozoa. Had I

been less pressed for time it would without doubt have been more full

and more reliable. Still, I hope you will find it suited to your pur-

pose.

By combining the fine lot of material you sent me for study with

my own I believe I have been enabled to present a fair idea of the bryo-

zoan.fauna of this much-discussed series of strata. That which strikes

one as not only interesting but important in the questions at issue re-

lating to the equivalence of the various beds comprised within the

term Waverly group is the fact that no remains of this class of fossils

have as yet been obtained from strata below the top of the Berea shales.

So far as I have been able to ascertain there is a complete absence of

bryozoa in all the divisions between the top of the Erie and the base

of the Cuyahoga shales.

In looking over the 41 species that have been determined, I find

that no less than 17, or over 41 per cent, of the entire number, occur

in the Burlington and Keokuk beds of Iowa, Illinois and Kentucky.

Not a single species indicates an horizon above the base of the St.

Louis limestone. Of these, 3 species occur in the Burlington and 16

in the Keokuk, while 2 of the Burlington species also occur in the

Keokuk.

The bryozoa are thus decidedly indicative of an equivalence be-

tween the Cuyahoga shales on the one hand and the Keokuk group

on the other.

Many of the species identified and others mentioned in drawing

comparisons between nearly related forms are described in Vol. VIII,

Illinois Geological Survey report. To prevent repetition the names

of these species are Usually distinguished by an asterisk.

’ Respectfully Yours,

E. O. ULRICH.
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A LIST OF THE BRYOZOA OF THE WAVERLY GROUP
IN OHIO. WITH DESCRIPTIONS OF NEW SPECIES.

By E. O. Ulrich.

FENESTELLA HERRICKANA, n. sp.

(Plate XIH, Fig 2

—

2d.)

Zoarium of moderate extent, apparently flabellate and more or

less undulating.

Obverse :—Branches comparatively rigid and rather slender, eight

or nine in 5 mm., 3.5 mm,, to 4.0 mm. wide, increasing very gradu-

ally to 4.5 or 5.0 mm. before bifurcation takes place
;
margins some-

what wavy
;
surface between the zooecia apertures depressed and

marked with from one to three (usually two) short striations. Carina

usually distinct but only moderately developed, not sharp, swelling or

forming tubercles at intervals corresponding nearly to the zooecia

mouths, occasionally nearly obsolete, in which case the nodes are

more conspicuous than usual. Zooecia in two ranges, thirteen or

fourteen in each in 5 mm., apertures four or five opposite a fenestrule,

circular, 0.2 mm. in diameter, surrounded by well developed peris-

tome which (in the perfect state) is ornamented by a circle of small

tubercles. The space between succeeding orifices about equals the

diameter of a peristome. Opercular coverings slightly convex, with a

small central elevation. Dissepments thin, depressed, faintly striated,

rounded or sub-angular. Fenestrules narrow, the length two to four

times greater than the width; seven or eight in 10 mm. longitudinally.

Reverse:—Here the branches are strongly rounded and striated

longitudinally. On old example the striae become nearly or quite ob-

solete and the whole surface finely granulose. The granules are of

two sizes, the larger ones being much less abundant and inclined to

arrange themselves in rows.
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This beautiful species may be compared' with the F. cingulata^

from the Keokuk group of Illinois, which likewise has a row of min-

ute granules upon the peristomes of the zooecia. That species how-

ever, has a more compact and robust aspect, stronger dissepiments

and shorter fenestrules. F. compressa,^ from the same horizon in

Kentucky has a much higher keel, and differs in other aspects.

Formation and locality:—Not uncommon at Moot’s Riin, Lick-

ing Co., O. Rare at Richfield, Ohio.

FENESTELLA M EEKANA, n. sp. •

(Plate XIII, Fig. I— ib.)

Zoarium of lax growth, probably flabellate, spreading nearly in a

plane and, so far as known, not exceeding 50 mm. in height.
,

^ .

Obverse:—Branches rather strong and straight, seven or eight in

10 mm., with an average width of .05 mm., increasing from about

0.45 mm. immediately after bifurcation to about 0.60 mm., before the

next division takes place. Bifurcation recurring at intervals, varying

between 6.0mm. and ii.o mm. Carina obsolete; median region of

branches with two to four rather unequal and irregularly flexuous

striae, and an occasional node. Spaces between zooecia apertures

usually with two or three short striae. Zooecia in two ranges, ten in

each in 5 mm.; usually six or seven opposite each fenestrule, but, the

length of the latter being variable, it sometimes happens that eight or

even nine may be observed. Apertures circular^ 0.12 mm., in diam-

eter, separated two and one-half times that distance, with the margin

thick and elevated but not ring-like. Opercula occasionally preserved,

slightly convex and radially marked around the small central perfora-

tion or boss. Dissepiments striated, depressed, less than half the

width of the branches, but expanding at their junction with them.

Fenestrules large. Varying from 0.7 to 1.2 mm. in width and 2.2 to 4.5

mm. in length, averaging, however, about three in 10 mm.
Reverse:—On this side the branches and dissepiments are rounded

and marked by granulose striae, four or more on each branch.

In Vol. II Pal. of Ohio, Meek describes from about the same

horizon at Lodi, a form which he separates as a variety of F. 7nulti-

'=-'This mark appended to a species signifies that it is one of those described

by me in theforthcoming Vol. VIII of the Reports of the Illinois Geological Sur-

vey.
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porata^ McCoy. After a careful study of his figures and description it

seems evident to me that he included more than one species under his

variety. I am not certain that the form here named in his honor is

not one of them, while the F. albtda, Hall, and its variety richfield-

ensis of the present paper most likely served in describing the reverse.

The specimen from which he prepared his figure of the celluliferous

side being apparently in a good state of preservation must have been

different from these, since it shows neither a carina nor striae between

the ranges of zooecia. If the figure correctly represents his specimen

I should consider it as clearly distinct from the form here called F.

meekana. On comparing the figures of the last species with Meek’s,

other differences may be noted, i. e., the zooecia apertures in the lat-

ter are more closely arranged, and the fenestrules smaller.

F. meekana is readily distinguished from all Devonian and Car-

boniferous species of the genus known to me by the large fenestrules.

In the absence of a keel the species approaches to the two and three

mamed PolyporcE.

Formation and locality:—Richfield. A small fragment that may
belong to this species occurs on a slab from Lodi, Ohio.

FENESTELLA ALBIDA, Hall.

(Plate XIII, Fig. 3—3c.)

Fenestella albida, Hall. Sixth Ann. Kept. State Geol. N. Y., 1887, p. 48.

Plate VII, Fig. 1-7.

Zoarium large, probably flabelliform, spreading in a plane, or

very slightly undulating toward the outer extremity of large fragments.

The largest fragment seen is 120 mm. long, and about 50 mm. wide.

Obverse :—Branches very slender, nearly straight, fifteen or six-

teen in 10 mm., mostly about 0.35 mm. wide; about 0.25 mm. wide

just after, and 0.40 to 0.50 mm. wide just before bifurcating. The
branches are sometimes nearly parallel and always diverge rather slow-

ly, the bifurcations occuring at intervals of usually more than 35 mm.
and rarely less than 20 mm. Carina thin, slightly, elevated, with

about four small nodes in 5 mm. Zooecia in two ranges, sixteen or

seventeen in each in 5 mm.,f the two ranges strongly interlocking in

the interior. Apertures circular, nearly direct, more than their diam-

tHall says (loc. cit.) 20, but his figure shows only sixteen in 5 mm.
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eter apart, surrounded by a thin peristome, five to eight, usually six

or seven, opposite each fenestrule. Longitudinal space between aper-

tures often faintly striated. Dissepiments very slender, depressed,

sub-angular. Fenestrules wider than the branches (occasionally two

or three times), the length equal to two or three times the width; six

in lo mm.
On the reverse the branches are strongly rounded and, as usual,

striated longitudinally.

Formation and locality:—The typical form of this species is not

very abundant at Richfield, O., where it is associated with the much

more common variety next noticed.

FENESTELLA ALBIDA var. RICHFIELDENSIS, n. var.

(Plate XIII, Fig. 3-3C.)

This variety or species differs from the typical form of F. albida

mainly in the peculiarly irregular and lax growth of its fronds. They

are also always smaller and not unfrequently much folded while in

many the expansion is of palmate shape. The largest example seen

(nearly complete) is 60 mm. long and nearly the same in width. The

branches are also less straight and the fenestrules more variable in

size and shape. In some of the specimens a few branches are stronger

than the rest, and the whole may assume an irregular pinnate arrange-

ment. Figure 3 represents a portion of such a specimen. On the re-

verse, also, the branches are usually narrowly rounded or sub-angular,

a feature not noticed on typical examples of the species.

This variety brings the species into close proximity with F. filistrt-

Ulrich a Burlington limestome species. That species, however, is

less delicate, has the median keel or carina blunt, and the whole sur-

face finely striated.

Formation and locality:—Very abundant at Richfield O., asso-

ciated with numerous species of crinoidea.

FENESTELLA APERTA, Hall.

Fenestella apeiia, Hall, 1887. Sixth Ann. Rept, State Geol. p. 58, pi. IV, figs. 1-5.

Zoarium consis-ting of very delicate expansions. The largest seen

is over 50 mm. long and less than 20 mm. wide. Another fragment

is 35 mm, long and 30 mm. wide.
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Obverse:—Branches twenty-two or twenty-three in 10 mm., very

slender, nearly straight, diverging with moderate rapidity, the bifurca-

tions occuring at intervals varying between 5 mm. and 15 mm.; av-

erage width about 0.33 mm., just above a bifurcation about 0.25 mm.
increasing to about 0.40 mm. at the next division. Carina thin, in-

conspicuous, often sinuous, generally nodose, the nodes nearly as nu-

merous as the zooecia apertures.
^

Zooecia in two ranges, eighteen or

nineteen in each in 5 mm.; apertures sub-circular, a little oblique, their

diameter apart, with a distinct though thin peristome projecting slight-

ly so as to indent the border of the fenestrules
;
three or four opposite

each fenestrule. Dissepiments very slender, about half as wide as the

branches, depressed, sub-angular, occasionally channeled, scarcely ex-

panding at their ends. Fenestrules oblong-quadrangular, the length

equaling about twice the width, between ten and eleven in lomm.f
On the reverse^ the branches and dissepiments are rounded and

either faintly striated or nearly smooth.

This delicate species is readily distinguished from the F. albida,

Hall, with which it is usually associated by its thinner branches, finer

and more regular net work, and the fenestrules being much smaller.

The species is related to F. compressa, Ulrich,* from shales of the

Keokuk group at King’s Mountain, Ky. What may prove to be

identical form occurs in the “Division beds” at the top of the Burling-

ton limestone. The specimens so far seen, however, are too illy pre-

served to admit of a satisfactory determination of this point.

Formation and locality :-*“Upper Waverly, (Cuyahoga shale) at

Richfield, O.

FENESTELLA FOLIATA n sp.

(Plate XIII, Fig. 4.)

Zoarium a small, sub-circular, flabellate or leaf-shaped expansion,

not known to exceed 1 7 mm. in height by 1 5 mm. in width.

Obverse:—Branches slender, diverging rapidly, more or less flex-

uous, particularly near the base, eight or nine in 5 mm., with an av-

tHall’s measurements relating to the dissepiments and fenestrules differ

widely from what is shown in his figures. He says, “about five in the space of

lo mm.,” but figures i, 2 and 3 agree with the specimens before me in showing

ten or eleven in that space

.
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erage width not 0.38 mm.; bifurcation frequent, the intervals varying

between i mm. and 4 mm, Carina thin, moderately elevated, faint-

ly nodose, the nodes distant from each other about o. 5 mm. Zooecia

in two ranges, eighteen in each in 5 mm.; apertures circular, o. ii

mm. in diameter, directed a little obliquely upward and outward, with

well developed peristome drawn out posteriorly into an oblique ridge,

and projecting laterally so as to indent the border of the fenestrule.

Dissephnents depressed, thin, finely striated, expanding very little at

their junction with the branches. Fenestrules irregular in shape and

size, with from seven to nine in 10 mm.
On the reverse the branches and dissepiments strongly rounded,

and covered with short striations, or minute granules. The fenestrules

here are wider than on the other side of the zoarium.

This neat species is related to F. albida var. richfieldensis and F.

jilistriata, Ulrich,* from the Burlington limestone of Iowa. From

the former it differs in the smaller zoarium, more flexuous branches,

narrower and smaller fenestrules, and more closely arranged zooecia

apertures. The reverse side of the branches is also differently marked.

These differences also apply when compared with the Burlington spe-

cies, that form being further distinguished by its finely striated ob-

verse.

Formation and locality :—Cuyahoga Valley below second fall.

FENESTELLA SUBFLEXUOSA, n. sp.

(Plate XIII, Fig. 6.)

Zoarium a small leaf-shaped expansion, 20 mm. long and 16 or 18

mm. wide.

Obverse:—Branches slender, laterally compressed, between 0.3

mm. and 0.4 mm- wide, diverging rapidly, irregularly fiexuous, seven

or eight in 5 mm.; bifurcations frequent, so far as observed, the in-

tervals vary between 1.5 mm. and 6 mm. Carina thin, strongly ele-

vated, carrying small but rather prominent nodes 0.2 to 0.3 mm.
apart. Zooecia in two ranges, seventeen or eighteen in 5 mm.; aper-

tures circular, small, about 0.08 mm. in diameter, nearly direct, sur-

rounded by well developed peristome, a little more than their diame-

ter apart. Dissepiments very thin, sharply angular, only a little de-

pressed, not expanding at their junction with the branches. Fenes-

trules of irregular form and unequal sizes, unusually eight in 10 mm.
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On the reverse the branches are striated longitudinally and round-

ed.

This form is closely allied to both F. foliata and F. albida and I

am not prepared to hold that more abundant material than has come
under my notice will not prove it to be specifically identical with one

of them. The characters relied upon in distinguishing it are the

more flexuous compressed branches, less depressed dissepiments, the

greater prominence of the carina, and the absence of striae in the longi-

tudinal spaces between the zooecia apertures.

Formation and locality:—Cuyahoga shales, thirty feet below Car-

boniferous conglomerate at Cuyahoga Falls.

FENESTELLA CAVERNOSA, n. sp.

(Plate XIII, Figs. 7-7b.)

Zoarium strongly folded, probably infundibuliform. All the

specimens are fragmentary, the largest about 50 mm. long and 40

mm. wide.

Obverse:—Branches nearly straight, of moderate strength, rather

unequal, averaging 0.41 mm. in width.; immediately after bifurcating

the width is about 0.3 mm., and just beneath the next division about

o. 5 mm. ,
the rate of increase between the two extremes being gradual.

The bifurcation occurs at intervals varying betwen 6.0 mm. and 15.0

mm., and not unfrequently take place simultaneously in a number of

neighboring branches, causing a considerable variation in the num-

ber of branches in a given space. Thus while the average number in

10 mm. is seventeen or eighteen, as few as sixteen and as many as

twenty-two may occur in an equal space, on certain portions of a frond.

Carina small, often slightly sinuous, generally with faint nodes or

swellings at rather irregular intervals. Entire surface between zooecia.

apertures minutely porous, the, pores elongate so that they not infre-

quently cause the surface to appear finely striated. Zooecia in two

ranges, fourteen or fifteen in 5 mm.; apertures nearly direct, circular,

0.09 mm. in diameter, a greater distance apart, three, occasionally

four, opposite each fenestrule, and surrounded by a well developed

peristome, sometimes obliquely prolonged posteriorly. In the thinner

branches the peristomes project slightly beyond the margin of the

branches. Dissepiments somewhat depressed, half as wide as the

branches, expanding at each end. Fenestrules twice as long as wide.
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or a little wider than the branches, nine, sometimes ten in lo

mm.
Reverse :—Here the branches are more or less strongly rounded,

the dissepiments nearly on a plane with them, and both somewhat

thinner, the fenestrules larger than on the opposite face of the zoarium.

The whole surface is covered with the sub-angular or elongated ori-

fices of small pores, usually exhibiting a marked tendency to a longi-

tudinal arrangement.

This peculiar species is known only from natural moulds of the

exterior, and the characters above described are furnished by gutta-per-

cha impressions. Those showing the obverse side exhibit a feature as

yet not well understood, but which I am inclined to attribute to a pecu-

liar state of preservation. The mouths of most of the zooecia are sur-

rounded, namely, by a circular impression instead of a raised margin.

This feature appears so anomalous that in preparing figure 7-a I have

taken the liberty to substitute (excepting in the upper right hand zooe-

cium) a raised line where the gutta-percha shows an impressed one.

If I am right in ascribing this anomalous character to an unusual state

of preservation then it is not impossible that the porous condition of

the branches and dissepiments is due to the same cause. This, how-

ever, is not probable, yet, if true, they must represent structures of

some kind—tubercles perhaps.

In its measurements this species approaches closely to F. Herrick-

ana. Aside from the supposed differences in the surface markings

they differ in the following particulars : F. Herrickana has thirteen

or fourteen zooecia in 5 mm and seven or eight fenestrules in 10 mm.
where F. cavernosa has, respectively, fourteen or fifteen and nine or

ten.

Formation and locality :—Waverly group, at Sciotoville, Ohio,

where it occurs, associated with Strehlotrypa amplexus and numerous

brachiopoda in ferruginous clay nodules.

FENESTELLA REGALIS, Ulrich.

(Plate XIII, Fig. 5, 5a.)

Fenestella regalts, Ulrich. Kept. III. Geol. Surv. Vol. VIII, pi. i, fig. i, la.

(now in press.)

All of the Ohio specimens of this species before me are mere

fragments. The most of them agree quite closely with the typical
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Kentucky examples. Several however, are more delicate and have

sixteen instead of fourteen zooecia in the space of 5 mm. The aper-

tures also are a little larger and the peristomes very little developed.

The fragment here figured is one of them and shows these features

very well. If a name is desirable they may be styled Fenestella tegalis

var. 7nacet.
^

Formation and locality : The types are from shales of the Keo-

kuk group at King’s Mountain, Ky., while the Ohio specimens come

from the Cuyahoga shale at Richfield and Lodi.

FENESTELLA BURLINGTONENSIS, Ulrich

Fenestella burlingtonensis

,

Ulrich. Rept. 111. Ueol Surv. pi. XLTX, fig. i, la.

(now in press.)

Several worn fragments of a species apparently identical with the

Burlington types of this species occur on a small slab from Lodi, O.

Associated with them are more or less weathered examples of no less

than ten distinct species of Bryozoa, among them F. regalis, Ptilopora

paupera^ Pinnatopora Vinsi, and Rhombohora incrassata, all described

by me from the Keokuk group of Kentucky and Illinois in the de-

layed, vol. VIII, Illinois Geological Survey.

FENESTELLA TENAX. UInch.

Fenestella tcnax, Ulrich. 111. Geol. Surv. vol. VIII, pi. II, figs. 2-2(1. (in press.)

Two years ago I received several fragments of fossiliferous rock

from Rev. H. Herzer which he had collected in the upper beds of the

Waverly series at some locality in Cuyahoga Co. These furnished

good gutta-percha impressions of both the obverse and reverse sides of a

small species of Fenesiella that I cannot now distinguish from the Ken-

tucky and Illinois types of F. tenax. This species though probably

the most abundant in the Chester limestone, began its existence as

earl)^ as the formation of the Keokuk group, a number of specimens

collected at Keokuk, Iowa, and Nauvoo, Illinois, being, apparently,

identical with the Warsaw and Chester examples, as well as with the

Ohio specimens now before me.

Undeteriviined species of Fenestella.

Among Prof Herrick’s material there are two specimens of a
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small flabellate species, forming a rather closely woven network. The
species is probably new, but as both show only the reverse and, as the

characters of the more important opposite could not be ascertained, it

is not described. The specimens are from the Cuyahoga shales about

thirty feet below the Carboniferous conglomerate, at Cuyahoga Falls.

Another specimen from a layer of ferrugenous freestone at Bag-

dad shows only the obverse and that not in a satisfactory manner. As

near as can be determined it belongs to a species either very closely

related to or identical with F. miiltispinosa,'^ Ulrich, a Keokuk spe-

cies occuring in Kentucky, Iowa and Illinois. It also agrees rather

closely with Meek’s description of his F. delicata, described from

nearly the same horizon at Lodi.

Several other species of this genus known to me from the Ohio

Waverly series are too imperfect for satisfactory comparisons.

POLYPORA IMPRESSA.n. sp.

(Plate XIII, Figs. 8, 8a.)

Zoarium small, flabellate. Branches comparatively slender, be-

tween 0.4 mm. and 0.62 mm. wide, about four in r mm.; bifurcations

frequent, occuring at intervals of from i mm. to 5 mm., the intervals

being shortest near the base. Zooecia mainly in two ranges, but where

the distance between the bifurcations is more than 3 mm., a third

range is interpolated. Apertures small, strongly elevated, with the

margin denticulate when perfect. Over at least the upper half of the

zoarium there is a Urge, oval, rather shallow, yet more or less sharply

margined impression behind most of the apertures. Near the base

of the frond these impressions are either very indistinct or quite obso-

lete, and the zooecia apertures rise from the surface of the branch very

much as in certain species of Stomatopora and other Cyclostomata.

In the branches with only two ranges of zooecia the apertures are

situated along the border of the branch and frequently project a little

over it. About fourteen zooecia in each range in the space of 5

mm. Dissepiments slender, slightly depressed, finely striated, gen-

erally less than half as wide as the branches. Fenestrules elongate,

varying in shape and size, from 1.5 mm. to 3.0 mm. long, the width

equalling generally about half their length and one and a half or two

times the width of the branches.
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On the 7'everse the branches and dissepiments are evenly rounded

and faintly striated.

In the frequent bifurcations of the branches, widely separated dis-

sepiments and general aspect of the zoarium, this species approaches

Thamniscus, King, and I am inclined to believe that when this group

of species, to which P, gi^acilis^ Prout, also belongs, is better under-

stood, they will be removed from Polypora. In my Illinois work on

the bryozoa I have already placed several species of this type with

Thamniscus, having been able to show that T. dubius, Schlotheim, the

type of the genus, also, (at least occasionally) has some of the branch-

es united by dissepiments. Much study and an abundance of material

is required before a final disposal of these peculiar species is possible.

Taking all its characters into consideration, P. impressa is not

likely to be confounded with any other species known to me. Similar

impressions behind the zooecia apertures are present in the Upper

Carboniferous Thamniscus octonarius, UL* This character is one of

rare occurence among palaeozoic bryozoa and brings some of the meso-

zoic and recent forms to mind.

Formation and locality :—Cuyahoga shale of the Waverly series,

between 50 and 100 feet below the Carboniferous conglomerate, at

Richfield, Summit Co., Ohio. The type specimen is attached to the

surface of a small fragment of a ferruginous clay nodule, less than two

inches square. With it are more or less fragmentary remains of at

least seven other species of bryozoa.

POLYPORA GRACILIS, Piout.

Polypora gracilis, Prout, i860. Trans. St. Louis Acad. Sci. vol. I, p. 580.

“ “ Prout, 1866, Geol. Surv. 111 . vol. II, p. 422, pi. XXI, figs, i, la.

“ “ Ulrich, Ibid. vol. VIII, pi. LXI, figs. 10, loa (Now in press.)

Two specimens, one from Richfield, the other from Sciotoville,

are provisionally referred to this species. The first shows only the re-

verse, while the second is an illy preserved mould of the obverse.

There is, therefore, no certainty that they belong to P. gracilis,

especially since there are several distinct species of this type in the

Burlington and Keokuk limestones.
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POLYPORA RADIALIS, Ulrich.

Polypora radialis, Ulrich, 111. Geol. Siirv. vol. VIII, pi. LX, figs, i, id.

Natural moulds in freestone of this small infundibuliform species

are abundant in the upper 30 feet of the Waverly series near Newark,

Ohio, while a single example was collected by the author in the Cuya-

hoga shales at Richfield where it was associated with numerous species

of crinoids, Fenestella albida, F. apei'ta^ and species of Pinnatop07'a.

There seems no reason to doubt the specific identity of the Ohio speci-

mens with the Illinois and Iowa types. At those more western locali-

ties the species is known only from shales of the Keokuk group.

PTILOPORA PAUPERA, Ulrich.

Ptilopora paupera^ Ulrich. 111. Geol. Surv. vol VIII, pi. LXVI, fig. 10 .

A fragment of this species occurs on a small slab filled with bryo-

zoan remains of numerous species. Among them I recognize the fol-

lowing : Fenestella burlingtonensis, F. 7'egalis, Pinnatopora Vinei^

Rhonibopora incrassata and R. confluens. All of these species are de-

scribed by me in volume VIII of the Illinois Geo, Surv. reports, now
in press, the first from the Burlington limestone, the remainder from

shales of the Keokuk group in Kentucky and Illinois. The types of

P
.

paupei'a are also from Keokuk shales. This interesting slab is one

of several collected by Prof. Herrick at Lodi, O.

PINNATOPORA INTERMEDIA, n. sp.

(Plate XIV, Fig. i.)

Zoarium pinnated. The only specimen seen consists of four pri-

mary branches each 2 cms. or more long, that evidently belonged to

one zoarium. All present the reverse side to view.

Midrib slender, about 0.3 mm. wide, slightly flexuous, with the

reverse rounded and striated longitudinally. On the obverse side the

two ranges of zooecia apertures are separated by a thin sharp carina,

carrying rather distant small nodes. Lateral branches or pinnae from i

to 3 mm. long, half as wide as the midrib, often united to each other

by very slender non-celluliferous dissepiments, forming an angle of

about 50 degrees with the midrib, and numbering ten or eleven on each

side in 10 mm. Primary portions of zooecia in two alternating ranges
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in the midrib
;

in the lateral branches they are wedge-shaped and form

a single series only. Apertures small, circular, in two ranges, one

situated at the base of each lateral branch and two or three between.

As near as can be determined, there are about twenty on each side of

the midrib in 5 mm
In having the longer lateral branches united by dissepiments this

species approaches Ptilopora, but the general aspect and growth of the

zoarium is so much like Pinnatoponi that it has seemed advisable to*

place the species as above rather than under the former genus. If,,

however, possession of non-celluliferous dissepiments is insisted upon

as being the only point of difference between the two groups, then the

species will have to stand as Ptilopora intermedia. In any event the

specific name will indicate the intermediate character of the form.

Compared with other species P. intermedia will be found to differ

from Ptilopora vaLida, Ulrich,* from an equivalent horizon in Illinois,

in being much more delicate, and from the associated Pinnatopora

tenuiramosa, Ulrich,* in having the lateral branches less numerous in

a given space and directed much more toward the distal extremity of

the zoarium. In the last species the pinnae form an angle of nearly

80° with the midrib.

Formation and locality :—Cuyahoga shales of the Waverly series,,

at Richfield, O.

PINNATOPORA SIMULATRIX, n. sp.

(Plate XIV, Fig. 3.)

Zoarium pinnate, the reverse only seen. Midrib comparatively

strong, about 0.6 mm. wide, somewhat flattened or broadly rounded

and very finely striated longitudinally. Lateral branches (pinnae) de-

pressed, slender, about 0.2 mm. wide, i to 2 mm. long, with fifteen

given off on each side, in 10 mm.; they form an angle of about 70°

with the midrib and the longer ones are occassionally united to each

other by exceedingly thin dissepiments.

This is another species that simulates Ptilopora in having some of

the longer lateral branches united by dissepiments. I am, however,

inclined to hold that species of the type of this and the preceeding ones

cannot be removed from Pinnatopora if we propose to make natural

affinity the primary disideratum of our classifications. P. simulatnx
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is closely related to P. inteinnedia but differs in having the reverse

more finely striated and more numerous lateral branches in a given

space. P. intermedia has them more oblique and less numerous.

Formation and locality:—Same as the preceeding.

PINNATOPORA CURVATA, n. sp.

(Plate XIV, Fig. 4.)

Zoariuin pinnate, reverse aspect only observed. Midrib straight,

about o 4 mm. wide, rounded and finely striated. Pinnae about eight

on each side in 10 mm., unusually oblique, forming an angle of 45°

with the midrib
;
they are from i to 2 mm. long, curved and about

half as wide as the midrib.

So far as observed, this species differs from P. striata, Ulrich,*

from the Keokuk group of Iowa, in the curved and more oblique

pinnae. Of the latter also there are eight where that species has seven.

P. dexiiosa, Ulrich,* from the same horizon in Kentucky has the lat-

eral branches separated by even longer intervals. There are five or

six in 10 mm. P. intermedia is a more delicate species and has ten or

eleven lateral branches in 10 mm.
Formation and locality:—Same as the preceeding.

PINNATOPORA SUBANGULATA, n. sp.

(Plate XIV, Fig. 2.)

Zoarium pinnate. Midrib nearly straight, between 0.3 mm. and

0.4 mm. wide, with the reverse side more or less angular and marked

by from three to five longitudinal striae of which the central one is the

strongest. Pinnae straight, between i and 2 mm. long, about half as

wide as the midribs, with usually twelve, sometimes eleven or thirteen

in 10 mm.; they form an angle of from 65° to 70° with the midrib,

and on the reverse side are finely striated. On old examples the striae

on both midribs and pinnae bear rows of minute granules. Zooecia in

two ranges, about nineteen on each side of the midribs in 5 mm.,

with one opposite each lateral branch and two in the space between.

Apertures circular, surrounded by a distinct peristome, their diameter

or less apart. Intermediate spaces very finely granulo-striate. Carina

moderately developed, rather rounded than sharp, with nodular swell-

ings at intervals corresponding nearly to the length of a zooecium.



OF DENISON UNIVERSITY. 77

The sub-angular character of the reverse distinguishes this species

from all others known to me. In other respects it resembles P. tenui-

ramosa very closely. P. Vinei also is a nearly related species but,

aside from the different form and markings of the reverse, is disting-

uished by the smaller number of pinuce and zooecia in a given space.

Formation and locality :—Cuyahoga shales of the Waverly series,

about 30 feet below the Carboniferous conglomerate at Cuyahoga

Falls.

PINNATOPORA MINOR, n.sp.

(Plate XIV, Fig. 7, 7a.)

Zoarium very small, pinnate. Midrib about 0.32 mm. wide,

throwing off the pinnse sub-alternately from the two sides, at an angle

of nearly 80° .The latter are short, less than i mm. long, about 0.19

mm. wide, and eight or nine on each side in 5 mm. Reverse side of

midrib broadly rounded or somewhat flattened along the middle, and

marked by three fine longitudinal striae, bordered on each side by a

smooth space. Obverse face ridge-shaped, the carina comparatively

strong and bearing inconspicuous nodes at intervals a little longer

than a zooecium. Zooecia in two ranges, with subcircular or elliptical

apertures, about 0.09 mm. in diameter, with moderately developed

peristome, much the highest on the outer side. The apertures are ar-

ranged one at the base of each lateral branch and one in the interme-

diate space, with about sixteen on each side of the midrib in 5 mm.
This neat species resembles P. Younoi^ Ulrich,* in nearly every

respect excepting size, that being one of the most robust forms of the

genus while this is one of the smallest. Its diminative fronds are

easily distinguished from the associated species.

Formation and locality :—Upper beds of the Cuyahoga shales,

at Richfield, O.

PINNATOPORA VINEI. Ulrich.

(Plate XVI, Fig. 5.)

Pinnatopora Ulrich. Ill, Geol. Surv. vol. VIlI, pi. LXVI, figs. 5, 5b. (In

l^ress

}

I cannot see that the Ohio specimens of this species differ in any

essential respect from the Kentucky and Illinois types. Being one of
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the most abundant of the bryozoa so far found in Waverly series, a de-

scription is desirable in this place. I take the liberty, therefore, of

appending my description of the species as it will appear in the work

above cited.

^‘Zoarium pinnate; midrib slender, usually straight, 0.4 to 0.45

mm. wide, with the reverse side evenly rounded and finely striated.

Obverse face low ridge-shaped, the mesial carina rounded, not promi-

nent, with rather strong nodes at irregular intervals. Lateral branch-

es from I to 2 mm. in length, like the midrib but only two-thirds as

wide, opposite or sub-alternately given off from the sides of the mid-

rib
;
nine or ten in one cm. Zooecial apertures in two alternating

ranges, fifteen in 5 mm., subcircular, with faintly elevated thin peris-

tome, about o. I mm. in diameter. All the interspaces between the

apertures very finely striated longitudinally.”

Some of the Ohio specimens have the midrib as wide as o. 5 mm.
The thinner midrib, larger lateral branches, and shorter zooecia

distinguish this species from P. Youngi.

Formation and locality:—The original types are from the Keo-

kuk group at King’s Mountain, Ky. During the last year I have

also found it in beds of the same age at Keokuk, Iowa. The Ohio

specimens come from the Cuyahoga shales at Richfield, Lodi and

Bagdad, Ohio.

PINNATOPORA YOUNGI,

(Plat^IV, Figs. 6, 6a.)

Ptnnatopora yoitngi, Ulrich. Geol Surv. III. vol VIII, pi LXVI, fig. 3. (In press.)

The following description is copied from my MS. for the work

above cited.

‘ ‘Zoarium pinnate, comparatively strong. Midrib strong, aver-

aging o. 6 mm. wide, with the reverse side broadly convex and finely

striated. Obverse side somewhat flattened, with a strong, rounded,

mesial keel, bearing large but not prominent nodes at intervals of

about 0.8 mm. Entire obverse face between the zooecia apertures

very finely striated. Lateral branches short, at their origin about

there-fourths as wide as the midrib, tapering rapidly toward their

rounded distal extremity
;
opposite or alternating, with eleven on each

side in i cm., given off at an angle of from 60° to 80°. Zooecia in

alternating ranges. Apertures subcircular, with a very thin and slight-
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ly elevated peristome, about o. i mm. in diameter, and 0.3 mm', apart;

eleven in 5 mm. They are arranged so that one is opposite a lateral

branch and one between.”

‘‘This species though closely allied to several English and Seotish

species is nevertheless quite distinct. Of American forms, P. Vinei

seems to be closer than any other, but differs in being smaller and in

having three zooecia where this has two.”

The Ohio specimens present more variation in the strength of the

midribs than the original Kentucky and Iowa examples. While the

average is about as given above, in some the width is only 0.5 mm.,

and in others nearly o. 8 mm.
Formation and locality :—The Ohio examples are from the Cuy-

ahoga shales at Richfield and Lodi. The types are from the Keokuk

group at King’s Mountain, Kentucky, and Keokuk, Iowa.

PiNNATOPORA TENUIRAMOSA. Ulrich.

Pinnatopoi'a tenuiramosa, Ulich, 111. Geoi. Surv.vol. VIII, pi. LXVI, fig. 7. (In press.)

My remarks on this species in the above work read as follows :

“Of this species only the reverse aspect has been observed. The best

fragment seen preserves a portion of the primary branch about i cm.

long. This is between o. 6 or o. 7 mm. wide, and on one side throws

off three, on the other only one secondary branch, varying in width

from o, 5 to o. 6 mm. The primary and secondary lateral branches or

pinnae, diverge at angles of from 70 to 80°, are slender, about one-

third as wide as the principal branches, from less than i.o to nearly .

3.0 mm. long, those proceeding from the primary branch the longest,

with twelve or thirteen given off on each side in the space of i cm.

Surface of both branches and pinnae marked with fine distinct longitu-

dinal striae.”

Since the above was written I have collected a good suite of speci-

mens at the original locality. Like the type specimens none of these

show the obverse face in a satisfactory manner. As near as can be

determined, that aspect must resemble that of P. Vinei very closely,

and it is not impossible that better specimens of both species than I

have yet seen may show the propriety of uniting them under one name.

All the specimens that I have referred to P: tenmramosa have twelve

or thirteen pinnae on each side in 10 mm. Those referred to P. Vinei

are equally constant in having nine or ten in the same space. P. sim-
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ulatrix. another closely related form has fifteen lateral branches in

lo mm. and the larger ones sometimes united by a dissepiment.

Formation and locality:—Cuyahoga shales of the Waverly series

at Richfield, O.

TyENIODiCTYA INTERPOLATA, n. sp.

(Plate XIII, Figs. 9, 9a.)

Zoarium bifoliate, ramose; dividing dichotomously or otherwise at

frequent but unequal intervals, the extremes noticed being 4 mm.
and 15 mm. Branches acutely elliptical in transverse section, 2.5 to

3.0 mm. wide, and about 0.5 mm. thick. Margins sharp, narrow,

granulo-striate. Zooecia arranged in diagonally intersecting curved

lines and in more or less regular longitudinal series, those near the

border a little larger than those in the central region of a branch. The

longitudinal arrangement is more pronounced in some examples than

in others. Apertures elliptical, sometimes nearly circular, compara-

tively large, averaging 0.25 mm. long by 0.18 mm. wide. When the

arrangement is regular the ends of the apertures are separated by either

one transversely elongated pit or mesopore or by two small ones. On
some examples or portions of their surface the pits are more numerous

and somewhat irregularly distributed. The interspaces or walls be-

tween the zooecia apertures and mesopores are comparatively thin

and obtusely ridge-shaped. Measuring longitudinally about fourteen

zooecia occur in 5 mm.; diagonally ten or eleven in 3 mm.
The minute internal structure of the walls is very much like that

of T. ra^milosa^ the type of the genus.

The intermediate pits that distinguish this species from the three

forms upon which I established the new genus Taeniodictya in my
forthcoming Illinois work lends this species a resemblance to Stictopor-

ella. That genus, however, is essentially a Lower Silurian group and,

though I place Lower Carboniferous forms under it, I am strongly in-

clined to question the propriety of the arrangement. Until an exhaus-

tive study o'f the palaeozoic bifoliate bryozoa is made the arrangement

of species under the various genera must be regarded as tentative, and

as the form under consideration presents no very marked deviation

Irom the typical species of the proposed genus Tcsniodyctia, the wisest

course for the present seems the one here adopted.

Formation and locality :—Cuyahoga shales. This species was
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first brought to my notice several years ago by Rev. H. Herzer of

Cleveland, O. Since then I have collected it myself at Richfield, O.

Rev. Herzer’s were collected by him at localities in Cuyahoga Co.

CYSTODIGTYA ZIGZAG, n.sp

(Plate XIII, Fig. ii, iia.)

Zoarium bifoliate, ramose, consisting of a main branch either

nearly straight or more or less zigzag, from 1.3 mm. to 2.3 mm. wide,

which throws off sub-alternately from the sides somewhat narrower

branches. The latter may remain simple or become divided in a

manner similar to the main branch. The lateral branches, if they

may be so called, are given off at intervals of about 4 mm., so that

about three occur on each side of a main branch in 20 mm. Zooecia

in six to eight rows on the main branches and in six or seven on the

lateral ones
;
apertures widely separated, small, subelliptical, with a

moderately developed peristome, highest on the outer or lunarial side

;

as a rule they are not regularly arranged but sometimes curved diag-

onal and longitudinal rows may be determined with distinctness.

Usually about ten occur in 5 mm. longitudinally and between six and

seven in 3 mm. diagonally. Interspaces rather wide
;

in young or

macerated specimens exhibiting sinuous striae
;
in old examples either

smooth or covered with exceedingly minute granules.

This species is distinguished from others of the genus by the

peculiar growth, it being the only one known to me branching in the

manner above described.

Formation and locality:—Cuyahoga shales of the Waverly series

at Richfield O.; also in the Keokuk group at Keokuk, Iowa.

CYSTODIGTYA SIMULANS. n. sp.

(Plate XIII, Fig. 16.)

Zoarium bifoliate, ramose, branching dichotomously at intervals

of 8 mm. more or less. Branches acutely elliptical in cross section,

from 2.8 mm. to 4.0 mm. wide, margined on each side with a narrow

non-celluliferous strip. Zooecia apertures rather large, subcircular,

with a strongly elevated and rather thick peristome when fully matur-

ed. The apertures are often arranged in more or less curved trans-

verse rows, which may extend completely across the width of a branch
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or terminate near the middle. Where this arrangement prevails the

peristomes of neighboring apertures coalesce and form what may be

termed beaded ridges. In these transverse rows five apertures occur

in 2 mm. and from six to eight suffice to cross the branch
;
measuring

longitudinally, eight or nine rows occur in 5 mm. In other examples,

an arrangement in fairly regular longitudinal and diagonally intersect-

ing series is evident. In these, nine apertures occur in 5 mm. length-

wise, and six in 5 mm. diagonally. In all the diameter of the aper-

tures situated near the bordets is a little greater than that of those near

the center of a branch. Sub-centrally perforated opercular covers

close many of the zooecia orifices on the specimen illustrated on Plate

XIII. Interspaces smooth or very finely granulo-striate.

The position of this species is intermediate between C. occelata^

Ulrich, and the Coal Measure species C. carbonaria^ Meek.

Formation and locality :—Waverly group at Moot’s Run, Licking

Co., Ohio, about 200 feet below the top of the series. Also in the

Keokuk group at Warsaw, 111 ., and Keokuk, Iowa.

CYSTODICTYA ANGUSTA, sp. u.

Plate XIV, Fig. 20.

Of this species I have seen only small fragments of which the

largest is figured. None of them show any indication of having been

branched. The basal portion is preserved on one of them. This

grew around some slender foreign object, is comparatively large, and

exhibits irregularly distributed apertures of a number of zooecia.

From one side there arises a free branch like the fragment illustrated.

The latter presents the following characters: It is between 0.8 and

0.9 mm. wide, 0.5 mm. thick, sub-elliptical in cross section, curved,

with the margins narrowly rounded and granulo-striate. The surface

presented to view has two rows of zooecia apertures, with twelve in

each row in 5 mm. By removing a portion from the matrix it has

been ascertained that the opposite side bears three rov/s. The zooe-

cia apertures are subcircular, rather large, about 0.18 mm. in diame-

ter and surrounded by slightly elevated thick peristomes. The sur-

face between the rows of apertures is rounded or sub-angular and pre-

sents several interrupted sinuous strire or series of granules. The lon-

gitudinal spaces between the zooecia apertures is transversed by one
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or two oblique graniilose striae. Sub-centrally perforated opercular

covers close many* of the orifices.

This interesting species can scarcely be confounded with any oth-

er known to me. Its narrow branches and only two and three rows

of comparatively large subcircular zooecia apertures distinguish it from

C. americaiia^ Ulrich,* C. paralella^ Phillips, in which the zooecia

form from three to six rows and have narrower apertures arranged be-

tween rounded ridges.

Formation and locality :—Waverly group at Moot’s Run, Lick-

ing Co., Ohio. Collection of Prof. Herrick.

CYSTODICTYA, sp. undet.

Among the material sent me for examination by Prof. Herrick

there are a number of beatifully preserved fragments of a species of

Cystodictya collected by him in Moot’s Run, a very interesting locality

in Licking Co. As I do not intend to name the form I might have

left them without remark were it not for the fact that the same variety

also occurs in the Keokuk group of Illinois. In arranging my col-

lections from those western localities I placed the form as a variety of

my C. lineata^ and that may be its true position. Still, both the Ohio

and Illinois examples of the variety are easily distinguished from the

typical specimens of that species in wanting the prominent rounded

longitudinal ridges that suggested the name lineata. The variety dif-

fers further in having more nearly circular, though still oval, and

larger zooecia apertures and more distinct peristomes. The lunarium

also is not so strongly developed. On the whole, therefore, I believe

that when this difficult group of bryoza has undergone the careful re-

vision now but fairly begun by me, characters will be found to dis-

tinguish at least three or four species among the material now classed

as varieties of C. lineata.

GLYPTOPORA MEGASTOMA. Ulrich.

Glyptopora megastoma, Ulrich. 111. Geol. Surv. vol. VIII, pi. LXXVIII, figs. 5 ,

5a (In press.)

Two specimens from Sciotoville, where they were found asso-

ciated with Spirifera striatiformis, Meek, Streblotr\pa amplexa, Ulrich,
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and Fenestella cavernosa, Ulrich, are referred to this species. The
types are from the Keokuk group of Illinois and Iowa. In the collec-

tion of E. O. Ulrich.

STREBLOTRYPA MAJOR,! Ulrich.

(Plate XIV, Fig ro.)

Sireblotrypa major, Ulrich. 111 . Geol. Surv. vol. VIII, pi. LXXI, figs. 8, 8d, and

pL LXXII, figs, I, I a.

The following description of. this species is copied from my MS.
for the above work ; ‘‘Zoarium a comparatively robust, dichotomous-

ly or otherwise divided stem. Often found flattened from pressure.

The divisions of the branches occur at long intervals and are often un-

equal. Zooecia apertures oval, 0.25 mm. long and about 0.15 mm.
wide, surrounded by a narrow sloping area, only noticeable in perfect

specimens
;
arranged in longitudinal series (interrupted at more or less

frequent intervals) between subangular longitudinal ridges, that are

not distinct from the aperture margin but form their lateral boundaries.

The longitudinal interspaces between the succeeding zooecia apertures

exhibit the mouths of from one to three short ranges of mesopores.

These pores vary considerably in size, and in number from three to

twelve, but when the zooecial arrangement is regular, their number is

generally either four or six. Measuring longitudinally, about ten zooe-

cia apertures occur in 5 mm.”
‘‘Of internal characters, the comparative shortness of the zooecial

tubes, the non-development of an inferior hemiseptum, and the rather

irregular appearance of the tubes in the axial region, are the most

noteworthy.”

“The large zooecia and rather robust zoarium easily distinguished

this species from all others of the genus known to me.”

tThe genus Sireblotrypa was proposed in MS. by me several^years ago, and

specimens of the type species, S. Nicklesi,
(
111 . Geol. Surv. vol. VIII), were sent

to students of palaeozoic bryozoa. The name v^as adopted for a supposed variety

of the type species by Mr. G. R. Vine, in 1886. (Notes on the Joredale Poly-

ozoa of North Lancashire). During November or December, 1887, there

appeared vol. VI of the Palaeontology of N. Y. In looking over this fine work I

find that Prof. Hall has placed at least one species under his new genus Acantho-

clema that ought rather to be regarded as a form of Sireblotrypa. The species re-

ferred to is the Ceriopora hamiltonensis of Nicholson. The typical species of Acan-

thoclema are quite different, being, like his sub-division Orthopora, closely related

to Rhombopoj'a.
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The Ohio examples of this species are somewhat smaller than the

Kentucky types, but there can be no question of their specific iden-

tity.

Formation and locality :—Keokuk group at King’s Mountain,

Ky.
,
and Keokuk, Iowa. The Ohio examples are from the Cuyahoga

shales at Richfield, O. Collection of E. O. Ulrich.

STREBLOTRYPA OBLIQUA, n. sp.

(Plate XIV, Fig. 9.)

This species or variety of .S'. 7najor is represented by but a single

example which has suffered somewhat through compression. It con-

sists of a nearly straight stem about 2.5 mm in diameter, and 25 mm.
long, widening at the upper extremity where it is broken, as though a

bifurcation was about to take place. The zooecia apertures open ob-

liquely, are large, oval, 0.20 mm. long by 0.13 mm. wide, and,

though a little more crowded and irregular, are arranged much as in S.

major. In the rather irregular longitudinal series nine or ten zooecia

occur in 5 mm.; measuring diagonally eight or nine in 3 mm. The

apertures of the zooecia are situated at the bottom of sloping areas,

with the slope gentle and widest above, giving them the appearance

of being drawn out trough-like. At posterior margin there is a slight-

ly elevated thin lip. The top of the areas of adjoining zooecia unite

to form irregular and more or less sharply angular longitudinal ridges.

The mesopores are rather irregularly arranged though mainly situated

between the ends of the zooecia apertures. They number two, three

or four to each zooecium.

This form is closely allied to S. major and may represent only a

variety of that species. The only specimen seen however, appears so

different in its thicker interspaces, oblique zooecia apertures and less

abundant mesopores that another designation seems necessary.

Formation and locality :—Cuyahoga shales of the Waverly series

at Lodi, O. Collection of Prof. C. L. Herrick.

STREBLOTRYPA HERTZERI, n. sp.

(Plate XIV, Fig. 8.)

Zoarium consisting of remotely bifurcating stems, about 2 mm. in

diameter. Zooecia apertures direct, oval or subcircular, large, rather
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unequal, 0.25 to 0.38 mm. in length, arranged in not very regular

diagonally intersecting and longitudinal series, nine in 3 mm. diagon-

ally and ten in 5 mm. longitudinally. Sloping area very narrow.

Walls thin, mesopores irregularly distributed, sometimes forming small

clusters of ten or more, around which the zooecia are often larger than

usual. Normally from two to six mesopores occupy a variously

shaped space back of each zooecium, so that the latter is in contact

with four other zooecia. Internal structure not observed.

This species is nearly related to S. major, Ulrich, but the thinner

walls and the absence of longitudinal ridges serve to distinguish it.

N. obliqua has much thicker walls and oblique zooecia apertures
;

S.

aniplexa more abundant mesopores and smaller zooecia.

Rev. H. Herzer of Cleveland, O., was the first to bring this spe-

cies to my notice, and I take the opportunity of naming it for him as

a slight token of my appreciation of the uniform kindness and gener-

osity which he has always extended to me.

Formation and locality :—Cuyahoga shales of the Waverly series

at Richfield, Lodi and several localities in Cuyahoga Co., Ohio.

Very rarely also in the Keokuk group at Keokuk, Iowa. Collection

of E. O. Ulrich.

STREBLOTRYPA AMPLEXA, n. sp.

(Plate XIV, Fig. 13.)

Zoarium consisting of remotely bifurcating stems, 1.7 mm. to 1.9

mm. in diameter. Bifurcations 20 mm. or more apart. Zooecia aper-

tures direct, broad oval, of moderate size, 0.15 to 0.22 mm. in their

larger diameter, arranged in rather regular diagonally intersecting

series, with six in 2 mm.; measuring longitudinally ten or eleven oc-

cur in 5 mm. Sloping area and walls of moderate thickness. Meso-

pores abundant, completely isolating the zooecia; averaging six or

seven to each zooecium.

Internal structure unknown.

This species stands intermediate between S. Hertzeri and S. mul-

tiporata. From the former it differs in having smaller zooecia aper-

tures and more abundant mesopores, from the latter in having the

zooecia larger and the mesopores less numerous.

Formation and locality: Waverly group. The natural moulds

of this fine species were quite abundant near Sciotoville, O.
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STREBLOTRYPA MULTIPORATA, n. sp.

(Plate XIV, Fig. ii.)

Zoarium ramose, the stems somewhat irregularly cylindrical,

about 1.7 mm. in diameter. Zooecia apertures direct, subcircular, of

unequal sizes, 0.08 to 0.15 mm. in diameter, irregularly arranged,

sometimes scarcely distinguishable from the mesopores. Mesopores

very abundant, completely isolating the zooecia, often arranged in

interrupted longitudinal series. Two or three of these rows are gen-

erally arranged between short ridges. Walls and sloping areas of

moderate thickness.

The smaller zooecia and excee'dingly numerous mesopores dis-

tinguish this species from 5. ariiplexa, its nearest congener.

Formation and locality :—Waverly group. Moot’s Run, Licking

Co. Ohio.

Prof. C. L. Herrick’s collection.

STREBLOTRYPA STRIATA, n. .sp.

(Plate XIV, Figs. 12, 12a.)

Of this species I have four fragments varying from 6 to 15 mm.
in length and 0.5 to 0.9 mm. in diameter. None of them are branched.

The surface is traversed by strong parallel longitudinal ridges which

may continue in a nearly straight line for a considerable distance.

At other times they are frequently interrupted, and sometimes assume

slightly oblique or sinuous directions. Between these ridges which

carry prominent nodes at irregular distances apart, the zooecia aper-

tures are arranged. The latter are oval, about mm. long and mm.
wide, and surrounded by a well developed peristome. The concave

space between succeeding apertures and the principal ridges is usually

occupied by one or two finer strim Aboutf occur in 5 mm.
measuring longitudinally.

On old examples it is difficult to make out the zooecia, the peris-

tomes being less distinct than in younger specimens, and the whole

surface appears finely striated longitudinally.

This very neat and distinct species may be compared with S. mul

tiporata and S. (?) dniticulata. Its stems are more slender than those

tit was discovered too late for correction that these measurements had been
omitted in the MS. C. L H.
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of the former and the numerous mesopores are not represented. The

absence of denticles around the apertures suffice to separate it from

the latter.

Formation and locality ;—Cuyahoga shales of the Waverly series.

Three of the specimens come from near Richfield. The fourth from

an unknown locality in Cuyahoga Co., O.

STREBLOTRYPA REGULARIS, n. sp.

(Plate XIV, Fig. 14.)

Zoarium ramose, branches very slender, about 0.5 mm. in diame-

ter. Zooecia apertures ovate, 0.15 mm. long, o. i mm. wide, appear-

ing to open somewhat obliquely, arranged regularly in alternating lon-

gitudinal series and rapidly ascending diagonal rows, with a small

shallow pit at each end, the upper one generally merging into the

aperture, the lower one separated by a slightly elevated margin form-

ing the posterior border of the zooecia aperture. The most elevated

portion of the surface is that between the two pits, being often promi-

nent enough to appear like a spine. Measuring longitudinally, twelve

zooecia occur in the space of 5 mm. About eleven rows in the cir-

cumference of a branch. Interspaces rather thin, narrowly rounded

and plain. The pits are easily overlooked, particularly so on speci-

mens partly obscured by adhering matrix. In these the zooecia aper-

tures seem greatly elongated and their ends separated by a thin and

prominent transverse wall, which clean examples show to be only the

divisional ridge between the inter-apertural pits.

I know of no species sufficiently resembling this to require de-

tailed comparisons.

Formation and locality :—Cuyahoga shales of the Waverly series

at Burbank, O. Another example is from the same horizon at a lo-

cality in Cuyahoga Co.

Prof. C. L. Herrick and E. O. Ulrich’s collection.

STREBLOTRPA (? LEIOCLEMA^ DENTICULATA, n. sp.

(Plate X IV, Figs. 18, 19)

Zoarium irregularly ramose, branches cylindrical, i mm. to 1.3

mm. in diameter. Zooecia apertures rather small, suboval, 0.13 mm.
in diameter, denticulate, being surrounded by an elevated margin or
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peristome carrying from four to six comparatively strong tubercles

;

the latter are more or less regularly arranged and project slightly over

the apertures. Between the apertures, which are widely separate, the

surface is transversed either by irregularly interrupted and unequal

longitudinal ridges or by nearly straight continuous ones between

which the apertures are ranged in longitudinal series with about nine

in 5 mm. When the more regular arrangement prevails the strong

ridges may unite with the spiniferous peristomes or pass by them on

or both sides, while the concave space between succeeding apertures

exhibits one or two thinner and less elevated ridges which continue

from one peristome to the next in either a straight or an oblique direc-

tion. The length of the spaces traversed by them equals between two

and three times the diameter of the zooecia apertures.

This interesting and peculiar species cannot be confounded with

any other form of Streblotrypa known to me. In fact, it is even pos-

sible (as indicated above) that it does not belong to this genus at all

but rather to Leioclcma^ the denticulate apertures being very suggestive

of the most typical species of that genus. Still, taking all the known
characters into consideration, it does not now appear probable that

this suggestive external feature will be borne out by an examination of

the interior. I regret to say that the preservation of the specimens at

hand did not permit me to apply this test.

Formation and locality :—Cuyahoga shales of the Waverly series,

at Richfield, Lodi and several localities in Cuyahoga Co., O.

Collections of Prof. C. L. Herrick and E. O. Ulrich.

RHOMBOPORA I NCRASSATA. Ulrich.

(Plate XIV, Fig. 16, and (?) i6a.)

Rhombopora incrassaia, Ulrich. 111 . Geol. Surv. vol. VIII, pi. LXX, figs. 12,

I2a. (In press.)

The Ohio specimens of this species seem to agree in every particu-

lar with the typical examples coming from shales of the Keokuk group

of Kentucky.

The original of fig. i6a is referred here with some doubt as it had

more acanthopores (now represented by small pores) than I have ever

seen on examples of the species. Were it not for the strong internal

thickening, in which it greatly resembles R. incrassata, I would place

it with the peculiar R. spiralis^ Ulrich.* The originals of the last



go BULLETIN OF THE LABORATORIES

species are not in a very good state of preservation and better speci-

mens may prove that my figures of them are defective in not showing

a sloping area and in having the zooecia apertures too large.

Formation and locality :—The Ohio specimens are from the Cuy-

ahoga shales at Lodi
;
the types of both 7?. incrassata and R. spiralis

are from the Keokuk group at King’s Mountain, Ky.

Collection of Prof. C. L. Herrick.

RHOMBOPORA OHIOENSIS, n. sp.

(Plate XIV, Fig.^.)

Compare Rhombopora dichotoma, Ulrich. 111. Geol. Surv. vol. VIII, pi. LXX^
figs. 13, 13b.

Zoarium ramose, bifurcation distant. Branches cylindrical, be-

tween i.o and. 1.3 mm. in diameter. Zooecia apertures arranged in

longitudinal and diagonally intersecting series, oval, small in the old

state, longer when young, the diameter becoming smaller with age by

an internal deposit of sclerenchyma. Interspaces ridge-shaped, more

acute in the young than in the fully matured state. The interspaces

form sinuous ridges, alternately approaching and diverging from each

other
;
rarely coalescing, usually leaving a narrow depression between

the ends of the sloping areas that surround the zooecia apertures.

Summit of ridges with a row of small tubercles (acanthopores ?).

measuring longitudinally ten or eleven zooecia occur in 5 mm.; diag-.

onally seven in 2 mm. The diagonal rows intersect each other at an

angle of about 65°.

The form briefly described above is so much like R. dichotoma^

Ulrich, from the Burlington limestone of Iowa that I am strongly in-

clined to regard is as only a local variation of that species. The num-

ber of zooecia in a given space and the general aspect of the surface is

the same, the only differences observed being the greater frequency of

the narrow sulcus between the ends of the ceils, the more acute angle

at which the diagonal rows intersect each other and the smaller diam-

eter of the branches.

A still smaller form, with more frequently bifurcating branches,

0.7 or 0.8 mm. in diameter, occurs at the Richfield, Lodi and Bur-

bank exposures . Whether this should be separated from R. Ohioensis

is as yet undetermined. It agrees very closely (so also does R. Ohio-

ensis) with a common species of the Keokuk group of Iowa and Illi-
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nois. More study than I can give them now is necessary before the

inter-relations of these closely allied forms can be determined with any-

thing even approaching satisfaction.

Formation and locality :—Cuyahoga shales of the Waverly series

at Richfield, Lodi, Cuyahoga Co., and Moot’s Run in Licking Co.,

Ohio. Those from the last locality are derived from strata occupying

a lower horizon in the series.

Prof. C. L. Herrick’s and E. O. Ulrich’s collections.

RHOMBOPORA CONFLUENS, Ulrich.

(Plate XVI, Fig. 17.)

Rhonibopora ronJliiens,Vi\.v.\QYi. Geol. Surv. 111 . vol. VIII, pi. LXX, figs. 5,5b. (In

press.)

The Ohio specimens are larger and the small node below the

aperture is usually absent, while the sinuous longitudinal ridges ap-

pear as though they had borne a row of minute granules, and coalesce

more often than is the case in the type specimen of the species. None
of these differences are of sufficient importance to cast doubt upon

their specific identity.

Formation and locality :—The original examples come from the

upper beds of the Keokuk group at Warsaw, 111. The Ohio specimens

from the Cuyahoga shales at Lodi.

Among the Richfield and Lodi material I can make out at least

two species of Rhotnbopora. These, as they could not be illustrated,

have not been studied very carefully. One of them seems closely

related to a Burlington limestone species. {R. gracilis, Ulrich,*).

LEIOCLEMA PUNCTATUM.

Callopora punctata, Hall, 1888. Pal. Iowa, vol. I, pt. 2, p. 653.

Leiocle77ia punciatum, Ulrich, 1882. Jour. Cin. Soc. Nat. Hist. vol. V, pi. VI,

figs. I, la.

Leioclenia punctatum, Ulrich, 1882. 111 . Geol. Surv. vol. VHI. (In press.)

A mould of the exterior in freestone from the Cuyahoga valley

below the second falls, represents, probably, this common Keokuk
species. The gutta-percha casts agree exactly with slightly weathered

examples of the species from many localities in Illinois and Iowa.
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LEIOCLEMA GRACILLIMUM. Ulnch.

Lnoclema minutum, Ulrich. 111. Geol. Surv. vol. VIII, pi LXXV, fig. 6, 6a.

(In press.)

A small fragment attached to a slab from Lodi differs in no ap-

preciable respect from the Illinois and Iowa examples upon which

this species is founded. At those more western localities the species

ranges from the Burlington limestone upwards to the top of the Keo-

kuk group.

FISTULIPORA, sp undet.

Three species of this genus are known to me from the Waverly

group of Ohio. None of them have been sufficiently examined to

determine their relations. One, from the Sciotoville beds, is a ramose

species like F. co^npressa, Rominger, but not identical with it. An-

other, from the same horizon and locality, is parasitic. The third,

from Richfield, O., a small discoid species with rather large, oval

zooecia is attached to the frond of Polypora impressa figured on Plate

XIII.

STENOPORA, sp. undet.

A fragment of a ramose species of this genus closely related to A.

montipora^ Ulrich,* from the Keokuk group of Iowa, was found by

me near Richfield, O., in the Cuyahoga shale about twenty feet below

the conglomerate.
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PLATE XIII.

Fig. I. FenesUUa Meekana^ ii. sp p. 64.

1 . A specimen of the natural size from Richfield, O. Coll, of E. O.U.

la. Portion of obverse of same x 9
16. One branch of same x 18, showing striations and opercular cov-

ers in three of the zooecia apertures.

Fig. 2. Fenestella Herrickana^ n. sp p. 63.

2. A fragment of this species of the natural size. Coll, of C. L. H.

2a. Obverse side of same x 9.

2b. One branch of 2a x 18, to show more clearly the ornamentation

and opercular covers.

2c. Reverse of same x 9, showing the longitudinally striated condi-

tion.

2d. A branch of another specimen x 18, showing the reverse side in

the old condition where the striae have become obsolete and

the M^hole surface covered with minute granules.

Fig. 3. Fenestella albida, Hall p. 65.

3. A specimen of the natural size belonging to the variety oiRich-

Jieldensis. The irregular growth often seen in the variety is

unusually striking in this specimen. Coll, of C. L. H.

3a. Portion of same x 9, showing the subcarinate character of the

reverse.

33. Small portion of the obverse face of another specimen xg.

5r. A branch of 3<5 x 18, to show the characters more clearly.

Fig, 4. Fenestella foliata, n. sp p. 67,

4. A nearly complete zoarium of this species of the natural size.

Coll, of Prof. C. L. H.

4a. Portion of a specimen showing obverse face x 9.

4<5. A branch of \a x 18 .

4<r, Several branches from near the base of fig. 4x9, showing reverse

side.

Fig. 5. Fenestella fegalis, Ulrich p. 70.

5. A small fragment of this species x 9, having thinner branches

and larger cell apertures than usual.

5a. A branch of same x 18 to show the surface markings more

clearly.

Fig. 6. Fenestella suhjiexuosa, n. sp p. 68.

6. Obverse of a gutta-percha cast of this species x 9, showing the

widely separated zooecia apertures, but little depressed dissepi-

ments and finely nodose carina. Coll, of Prof. C. L. H.

Fig. 7. Fenestella cavernosa, n. sp, p.69.

7. A fragment of the natural size. Coll, of E O. U.

'ja. A branch showing the obverse side x 18.

"jb. Portion of the reverse of another example x 9, showing the

porous character of this face of the zoarium.
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Fig. 8.

Fig. 9.

Fig. 10.

Fig. II.

Fig. I.

Fig. 2.

Fig- 3 .

Fig. 4.

Fig. 5 -

Fig. 6.

Polypora impressa, n. sp p. 72.

8. A nearly entire zoarium of the natural size. A small species of

Fistulipora is attached to it. Coll, of E. O. U.

Za. One branch of same x 18, showing the strongly elevated dentic-

ulate mouths of the zooecia and the large depression beneath

each.

TcBfiiodictya interpolata, n. sp p. 80.

9. A gutta-percha cast of a mould in ferruginous freestone, natural

size. Coll, of E. O. U.

<^a. Surface of another specimen x 18, showing the form and ar-

rangement of tbe zooecia and intermediate pits.

Cysiodictya simulans, n. sp p. 81.

10. A specimen of the natural size, showing the arrangement of the

zooecia. Coll, of Prof. C. L. H.

Cysiodictya zigzag\ n. sp p. 81.

II and iia. Two fronds of this species, natural size, showing varia-

tions in the mode of branching and in the width of the

branches.

PLATE XIV.

Pinnatopora intermedia, n. sp p. 74.

1. A specimen of natural size, showing the reverse and a portion

X 9, showing the dissepiments and, where the zoarium has been

removed, a mould of the opposite face. Coll, of E. O. U.

Pinnatopora subangulaia, n sp p. 76,

2. A specimen of natural size, showing the reverse and a portion

X 9, showing the subcarinate characters of this face of the zoa-

rium. Coll, of Prof C. L. PI.

Pinnatopora simulatrix, n, sp. p 75.

3. A specimen of natural size, showing the reverse and a portion

X 9. The latter shows the somewhat flattened character of the

midrib and on one side pinnae connected by slender dissepi-

ments. Coll of E. O. U.

Pinnatopora curvata, n. sp p, 76.

4. A specimen of natural size, and a portion of same x 9. The

figure shows the strong upper direction and slightly curved

form of the pinnae Coll, of E. O. U.

Pinnatopora Vinei, Ulrich. p. 77.

5. A specimen x 9, showing the character of the obverse face on

the upoerhalf and of the reverse face in the lower half. Coll.

E. O. U.

Pinnatopora youngi, Ulrich p. 78.

6. A specimen x 9, Showing the obverse side. Coll. E. O. U.

6a. An unusually strong specimen of the natural size. Coll, of Prof.

C. L. H.
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Fig. 7.

Fig 8.

Fig. 9.

Fig. 10.

Fig II.

Fig. 12.

Fig. 13.

Fig. 14.

Fig. IS-

Fig, 16.

Pinnatopora minor

^

n. sp.— p. 77 *

7. A fragment of the natural size and its obverse side x 9.

7^. A fragment showing the characters of reverse, natural size and

X 9. Coll. E, O. U. ^

Streblotrypa Hertzeri, 11. sp ^ p. 85.

8. A fragment of the natural size with a portion of the surface x 18,

showing the arrangement of the large zooecia and mesopores.

Coll. E. O. U.

Streblotrypa obliqua, 11. sp. p. 85.

A branch of this species with a portion of its surface x 18, showing the

thick walled zooecia, their oblique apertures and the arrange-

ment of the mesopores. Coll. Prof. C. L. H.

Streblotrypa major^ Ulrich p. 84.

10. A fragment of a small specimen of this species, natural size and

a portion x 18, Coll, of E. O. U.

Streblotrypa mtUtiporata^ n. sp p. 87.

11. A branched fragment of the natural size and a portion of the

surface of same x 18, showing the small zooecia apertures and

very numerous mesopores. Coll, of Prof. C. L. H.

Streblotrypa striata, n. sp. p. 87.

12. The lower portion of a fragment of this species x 18, showing

the appearance of the surface when the arrangement of the

zooecia and ridges is regular.

12a. The upper end of same fragment x 18, exhibiting a somewhat less

regular arrangement of the ridges. Coll, of E. O. U.

Streblotrypa amplexa, n. sp. p. 86.

13. Portion of a fine ramose example of this species with a portion

of the surface x 18 to show the arrangement and comparative

size of the zooecia and mesopores. Coll, of E. O. U.

Streblotrypa regularis, n. sp p. 88.

14. Fragment of this species of the natural size and x 18, showing

the shallow pits and other peculiarities of the species. Coll,

of Prof. C. L. H.

Rhombopora ohioensis, n. sp p. 90.

15. A specimen from the ferruginous freestone layers of the Cuya-

hoga shales showing the appearance of the surface in the young

state X 18.

i^a. A branched fragment of natural size and a portion of its surface

X 18, showing the fully matured appearance of the zoarium.

Coll, of E. O. U.

Rhombopora incrassata, Ulrich. . p. 89.

16. A specimen of the natural size and a portion of the surface x 18,

showing the usual appearance in well preserved specimens of

this species.
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1 6a. A specimen doubtfully referred to this species, natural size, with

a small portion of its surface x i8, showing the openings of

one or more series of small pores between the zooecia aper-

tures. Coll, of Prof. C. L. H.

Fig. 17. Rhombopora confluens, Ulrich p. 91.

17.

A specimen of the natural size with a portion of its surface x 18,

The small granulations shown near tbe bottom of the figure are

seen on another specimen. Coll, of Prof. C. L. H.

Fig. 18 and 19. Streblotrypa (? Leioclema) denticulata, n. sp.. p. 88.

18. An unbranched fragment, natural size, with the surface x 18.

The latter shows the denticulate apertures and striated inter-

spaces characterizing the species

19. A branched specimen having the surface somewhat abraded,

which is referred to the species. Natural size. Coll, of E. O.U.

Fig 20. Cystodictya angusta, n. sp. p. 82.

20. Fragment natural size and a portion of the surface x 18, show-

ing two rows of zooecia, irregular striations and fine granules.

Also a transverse section x 6. Coll, of Prof. C. L. H*



GEOLOGY OF LICKING COUNTY, O. PART IV.
s

By C. L. Herrick.

Waverly Group. Continued.

[General Conclusions.]

In concluding the list of fossils for the present it remains, in ful-

fillment of the promise made at the beginning, to express the opinions

to which the study has led us. The discussion cannot be confined to

Licking county and a large amount of collecting and stratigraphical

study has been done in all parts of the Waverly domain in Ohio, as

well as in Pennsylvania, and western New York. Only the briefest

outline of this work could be admitted and the reader is asked to be-

lieve that the statements of fact presented have all been made after

patient labor. Too many distinguished pens have already traversed

the question for the writer to venture largely into speculation simply,

but he is not without hope that some of the suggestions offered may
meet the approval of those prepared to sift the evidence.

A great deal of confusion exists as to the actual sequence of strata

in Ohio and the equivalence of beds in different parts of the state.

No pains has been spared to determine the exact stratigraphical posi-

tion of every fossil described and in this we have been unexpectedly

successful. Our study sufficiently proves that in its various portions

the Waverly presents the same sequence of species and that, casting

aside a few species ot great vertical range, these forms are rather

sharply limited in definite horizons.

It is deeply to be regretted that for the purpose of correlating the

horizons of the Waverly the reports of the Ohio Geological Survey are

quite unavailable. Made up as they were by various hands, it is

quite impossible to recognize a given horizon of one county in even the

adjacent one. Diversity of nomenclature is the least of the difficulties

encountered. It was of course impossible for this to be otherwise

under the conditions imposed. It is hoped that the correlated hori-

zons here presented may assist in supplying the deficiency.

Perhaps the greatest source of ambiguity in the report of the
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geologists of Ohio grew out of the attempt to construe certain local

thickenings of the conglomerates of the Waverly. These we explain

tentatively as deposits at the mouth of rivers and, in conformity to

this theory, trace them as narrow bands of a tortuous character, ex-

tending, for example, north-westward from east Licking to west Knox
and Richland counties. Wherever such disturbing factors enter, one

seeks in vain for familiar landmarks, but a very few miles on either

side reveals the well-remembered sequence. The term “Waverly

conglomerate” of the Ohio geologists stands merely for such local de-

velopments and the admission of this element, often with the remainder

of the series as seen near by, or occasionally without it, produces the

most abnormal variations in the general sections.

This fact by no means depreciates the labors of the geologists in

question, it was an unavoidable incident to the plan necessarily fol-

lowed. Notwithstanding, for many purposes, just that opportunity to

determine the relative position of a stratum in one part of the state

with another in a distant county, is of greatest practical and theoretical

importance.

Before beginning such a discussion as the present one it is well

to have clearly defined the ruling principles upon which the investiga-

tion is based, we therefore premise the following

:

Geological Aphorisms.

1. Palaeontological determinations, to possess the highest value,

must be accompanied by minute vertical and acurate geographical

data.

2. Lithological determinations in sedimentary rocks are only

valuable in connection with detailed palaeontological and orographical

study.

3. It must be remembered that the palaeontological study of a

single section, no matter how complete, gives no opportunity for the

tracing of the genesis or history of a species. At most it gives only a

series of disconnected instantaneous photographs of the species as it

was at widely separated’ times under very diverse conditions.

4. To study the phylogeny of a group it will be necessary to fol-

lows it in its migrations as it continually seeks to preserve constant the

fluctuating bathymetric conditions.

5. Strata of similar lithological character, even if separated by a

considerable vertical interval, may more closely resemble each other
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in fauna than those of different lithological character lying closer to-

gether or even between them. (That is, vital conditions may much more

rapidly change along the shore than in deposits of the same age out at

sea.)

Thus in the study of the phylogeny of the fauna of a shale, it

should be compared with that of the next following shale and not of

the intervening sandstone, but it must be remembered that the period

intervening is probably represented by the deposits of the same bed in

the direction of the encroachments of an ascending sea or the flight of

a retreating one.

6. Opposite sides of the same basin may vary greatly in fauna.

4. Adjacent basins of the same age are rarely identical in fauna

and it may be that the most abundantly represented species of these

basins are unlike while the rarer species are identical, the latter there-

fore being most reliable age-indices.

8. It is to be expected that opposite sides of the same basin will

possess vicarious species or varieties, and that corresponding sides of

separate basins may be more nearly alike than adjacent sides.

9. Adjacent basins may have their strata intermingled along the

margin through the agency of unequal oscillation of the sea bottom in

the several basins. Then there will result the spurious appearance of

an alteration of faunas in one terrane when in reality, instead of the

consecutive strata representing changes in one basin, they represent

conditions in distinct sea basins,

10. Under favorable conditions, a local fauna may persist long

after the normally associated groups have elsewhere perished.

The above are but a few of the many considerations which the

student should bear constantly in mind in attempting the correlation

of distant or even adjoining strata.

As a basis for further study let us briefly examine the Waverly

series as it appears in central Ohio. The headings will sufflciently

forecast the conclusions reached and the reader is asked to postpone

judgment as to their correctness until after perusing what follows and

examining the tables of distribution of species.

III. Keokuk and Burlington Groups.

Upper Waverly. (Upper Logan.) Embracing shales and free-

stone (the latter disappearing north-eastward) susceptible of sub-

division into several tolerably distinct zones.
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. Ferrugineous freestone (Keokuk ?) with Phillipsia mermnec-

ensis, P. serraticaudata
^

Aviculopecten rushvillensis
,

Spirifer

Keokuk lo ft.

(2)

. Shales with Shuzodus newarkensis, Producius semireticulatus

P. burlingtonensis

^

many bryozoa, Macrodon newarkensis, Gram-

mysia ova/a, etc. - - - - - - - 20 ft.

(3)

. Freestone with Productiis arcuatus^ Conularia newberryi^

etc. 10 ft.

(4)

. Shales and freestone with Centronella^ Spiriferina^ etc. 35 ft.

(5)

. Shales with Lingula scotia, Lingula gannensis^ Orbiculoidea

pleurites^ Ctenodonta houghtoni, etc. - - - 5 It.

II. Kinderhook. (part or all) Middle Waverly.

(6)

. Conglomerate II, with Spirfer winchelli, Dexiobia ovafa,

Phaethonides occidentalis
,
Syringothyris cuspidatus^ etc.

(7)

. Shales with Saogumolites ohliquus^ Allormna winchelli, Pro-

thyris 7neeki^ Grammysia ventricosa^ etc. - -
- 7 ft.

(8)

. Freestone with a parting of shale and many fossils. Creni-

pecten winchelli^ Proetus au^iadatus, Rhynchonella marshallen-

sis, Syringothyris cuspidatus^ Goniatites lyoni, Spathella ventri-

cosa. ----- • - - - ft.

(9)

. Shale, fossils as above but rare. - - - - 15 ft.

I. Transition Zone. Devonian. In part equivalent to Che-

mung and Portage.

(10)

. Conglomerate I, (variable) with Spirifer delloideits.

(11)

. Shale with Palceoneilo attenuata, P. elliptica^ Nuculaiowen-

sis^ N. Stella^ Sphenotus flavins, etc. - - - 30 ft.

(12)

. Flags and shales with Leiopteria ortoni, Crenipecten subcar-

diformis, etc. - - - - - - - 10 ft.

(13)

. Shales and flags, very fossiliferous, with Spirifer marionen-

sis, Proetus prcEcursor, Productits shwnardianus, Conidaria

gracilis, Entolium shumardianum.

(14)

. Flags and shale nearly unfossiliferous (with number 13).

About - - - - - - - - 225 ft.

(15)

. Soft greenish shales with Palaeoneilo consUnilis, Schizodus

sp., Spirifer resembling S. disjimctus, Proetus sp., Pleuroto-

maria, etc. ------- 10-20 ft.

•
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(i6). Siliceous flags with Atrypa reticularis and Strophomena

rhomboidalis. Fifty or seventy-five feet of this constitutes

the Berea grit proper, which is separated from the remainder

in many places by a thin seam of bitumenous shale contain-

ing Lingula metie and Orbiculoidea meeki.

Bedford Shale. (Hamilton facies in Chemung association.)

Upper portion, choccolate shales _ _ _ - - 40 ft.

Lower portion, greenish shales with very numerous fossils, Paloeoneilo

bedfo7'densis^ Macrodon hamiltoncE^ Microdon bellistriatus^ Chonetes

scitula, Orthis vanuxenii, etc. - - - - - 15 ft.

Black or Hamilton Shale.

The lower division cannot greatly exceed 500 feet, the middle

division measures less than fifty feet, the upper one hundred and

twenty-five.

To indicate that the section above given is not local and acci-

dental but represents the typical sequence in the larger part of the state

we may compare three favorable localities as distant as possible. We
select Sciotoville in the southern part of the state and a magnificent

exposure near the western line of Ashland county to represent the

northern, while Rushville as supplemented by western exposures, rep-

resents the central. The Ashland section is first given.

We venture to place in parallel columns the section actually

measured in continuous exposure and that published in the Ohio Geo-

logical Survey report as a correlated section in the same part of the

state.

Near Lyon Falls.

Unexposed 20 ft.

Ferrugineous zone with Phillipsia ser-

raticaudatus, etc 10 ft.

Shales and freestone 20 ft.

Freestone, fossils of upper Waverly

10 ft.

Shales and freestone 8 ft.

Massive freestone with Prodnctus

arcuatus : 10 ft.

Shales and freestone 50 ft.

Conglomerate II 18 in.

Sandy shale, Prothyris meeki, Al-

lorisma, etc 5 ft.

Ohio Geological Report.

Carboniferous conglomerate.

Argillaceous and siliceous shales

1 70-250 ft.
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Near Lyon Falls.

Shale 3 ft.

Freestone with a parting of shale.

Syringothyris -27 ft.

Conglomerate I _ ._i8 in.

Shaly and siliceous layer- . 10 ft.

Blue shale “lamellibranch layer T'

siliceous flags 1 30 ft.

Concretionary shale with Spirifer

marionensis, etc 30 ft.

Ohio Geological Report.

Waverly conglomerate 100-190 ft.

Argillaceous and sandy shales,

sometimes bitumenous 65 ft.

Shales with bands of flagy sand-

stone 295 ft.

Berea sandstone.

This section corresponds, with a variation of only a few feet, with

that seen below Rushville as far as exposed, that is to the conglomer-

ate II, below which it agrees essentially with the Licking county ex-

posures. The calcareous nodules and surrounding shale contain a

rich fauna exactly equivalent to the Moot’s run horizon (No. 13.) being

characterized by Spirifer marionensis^ Sireblopteria fi^agilis, Pterino--

pecte?i cariniferus, etc. The freestone is somewhat contracted and less

fossiliferous and shows premonitory symptoms of its decline further

north-east. Further west in Richland and Knox counties one or both

of the conglomerates are thickened at the expense of the remaining

strata.

Sciotoville. Rushville, Etc. Ashland Co.

Carboniferous Congl.

Freestone and shales,

Spirifer striatiformis

50 ft.

Freestone with Produc-

tus arcuatus 50 ft.

Shale.

^(Conglomerate II.)

Freestone 20 ft.

Shale — 20 ft.

Freestones, cuspidatus,

etc.

Chester limestone.

Sandy shales 25 ft.

Freestone, Phil, mermac-

ensis, Phil, serraticauda-

ta 30 ft.

Shales and freestone

Spirifer striatiformis, Schiz-

odus newarkensis 15 ft.

Shale 30 ft.

Freestone, Prod, arcuatus,

etc 10 ft.

Shale 30 ft.

Conglomerate II.

Shale, Sanguinolites ob-

liquus, etc 7 ft.

Freestone, Syringothyris

cuspidatus, Proetus auri-

culatus 30 ft.

Shale 15 ft.

Shales, Phil, serraticau-

data 20 ft.

Freestone and shale,

Spirifer striatiformis

30 ft.

Freestone, Prod, arcua-

tus 18 ft.

Shales 50 ft.

Congl. II 3 ft.

Shales, Sang, obliquus

5 ft.

Freestone, Proetus auri-

culatus, Syringothy-

ris cuspidatus__27 ft.

Shale.
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Sciotoville.

( CoNGL. I, absent.)

Shales 40 ft.

Spirifer marionensis,

shales and flags, 70 ft.

Rushville, Etc.

Conglomerate L

Shales, Palaeoneilo atten-

uata, etc 30 ft.

Shales and flags 40 ft.

Shales concretions, Spirifer

marionensis 30 ft.

Flags and shales 70 ft.

Flags, unfossilif. 125 ft.

Shales, fossils 10 ft.

Berea grit, etc 100-175 ft.

103

Ashland Co.

CoNGL I 18 in.

Flags and shale — 10 ft.

Siliceous flags 30 ft.

Concretionary shales,

Spirifer marionensis,

30 ft.

Flags and shales.

Our own observations are less full and connected further north,

and a marked lithological change accompanied by the gradual disap-

pearance of many of the mid-Waverly horizons produces a somewhat

peculiar habitus as we enter the Cuyahoga valley. The few feet

of shale near the top at Cuyahoga Falls seem to extend above any of

the southern horizons and mingle fossils like Spirifer biplicatus of the

Waverly with coal-measure types like Entolium aviculatum. The mis-

take has been made of regarding these shales as homogeneous. An
almost entire change in fauna appears a mile or two below Cuyahoga

Falls and there is little in common between the upper shales and those

below the flags forming the second fails of the Cuyahoga. The fol-

lowing section is given by Dr. Newberry in Summit county :

Conglomerate. (Base of coal-measures
)

Cuyahoga shale

Berea grit

Bedford shale

Cleveland shale

Erie Shale

Huron shale

The entire section, including the Erie and Cleveland shales which

disappear further south, is less than 500 feet, and, making the neces-

sary allowance, about 350 feet will include all of the Waverly which

has an equivalent represented in central Ohio.

We may now pass to a more detailed study of the recognized hori-

zons in Ohio.

I. J'/ie Cuyahoga shale and Logan group.

The term Cuyahoga shale is most misleading and can serve only

to indicate the condition of the geological column in the northern tier

150-200 ft.

60 ft.

70 ft.

50 ft.

100-125 ft.



104 BULLETIN OF THE LABORATORIES

of counties. Instead of being a homogeneous unit of this column it is

itself a curious patch-work mingling the most diverse elements of the

series as seen further south and yet possessing a certain unity, due

chiefly to the lithological similarity and hence the similarity in condi-

tions of deposition of its various strata. Prof. Orton has called atten-

tion to this error as indicated by the lithological diversity of the va-

rious elements which Prof. Newberry’s name is made to include, but

we can more emphatically repeat his strictures from the standpoint of

palaeontology. The upper part of the series possesses a sub-carboni-

ferous character and can be almost certainly parallelized with the

shales in the upper part of the section as it appears in Licking countv

though it has some elements belonging to itself. Comularia newherryi,

Nucula houghtoni^ Spirifer biplicatus, Entolium aviculatum^ Spirifei'-

setigera, Crenipecten^ sp. Phillipsia immaturus^ etc., are among the

common fossils.

This upper portion has been thought to be devoid of fossils but

will yield a good harvest to the patient collector. It must not be con-

fused with the lower fossiliferous horizons of Bagdad, Lodi and Wey-
mouth. The fossils of this horizon are in part shown upon Plate X,,

Figs. 2—28 and 36—40. This layer lies only forty feet below the con-

glomerate at Cuyahoga Falls. The concretionary shales at Lodi and

Weymouth extend over one htmdred feet below the carboniferous con-

glomerate and present us with a very different association of fossils, the

lower part of which contains some elements of a like concretionary

zone of thirty or forty feet in thickness in Ashland county, there sev-

enty feet below conglomerate I and one hundred and eighty feet or

more below the carboniferous conglomerate and at least one hundred

and fifty feet below the strata regarded as equivalent to the Cuyahoga

shales. This latter horizon can be seen at Moot’s run in Licking Co.,

where it is about two hundred and fifty feet below the carboniferous-

conglomerate.

The whole middle Waverly as seen in the central and southern

part of the state is absent or only here and there present in its shaly

strata. The equivalent of the shale below conglomerate II may be

seen in parts of Medina county but only locally fossiliferous. That

portion of the Cuyahoga shale below this concretionary layer is as yet

insufficiently known, but contains four species of Lingula and will ulti-

mately prove fruitful. Where it reposes on the Berea it bears Lingula

melie^ and Orbicitloidea netvberryi^ as it does in central Ohio and, as^
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there, tends to develop bitumenous bands. The fact that the Crinoids

of Richfield are essentially Burlington species is not surprising in view

of the fact that the strata represented by the Upper Cuyahoga in cen-

tral Ohio are purely carboniferous with evident Burlington alliances.

The evidence on this point afforded by the report of Mr. Ulrich,

printed in this number is especially important. We can safely assert

that the crinoids of the Cuyahoga shales in northern Ohio indicate an

age not earlier than Burlington, the bryozoa of the same horizon in

northern, central and southern Ohio indicate an age corresponding to

the Keokuk and Burlington while the Logan fossils of other groups,

for example, Phillipsia meramecensis

^

indicate the same age. ' We
submit therefore, that the upper one hundred feet of the Waverly are

no longer doubtful—^they are certainly of Carboniferous age and con-

tain a fauna extending from the Burlington into or through the Keo-

kuk groups. The term “Cuyahoga shale” can only be retained as a

topographical designation.

Prof. Orton, with some reservation in view of further observation,

suggests a division of the Cuyahoga shale into an upper and lower

division, for the first of which he uses the term Logan, retaining the

name Cuyahoga shales for that part below the conglomerate I, and

extending to the black or Berea shale containing Lingula melie. To
this, two suggestions must be offered. First, the term Cuyahoga shale

was applied especially to the upper part, as all the writings of New-

berry show, and this upper portion actually contains a part of the pro-

posed Logan. Second, the Logan is both lithologically and faunally

composite and consists of a number of distinct portions which are in

fauna more unlike than the lower shale and the Logan. We have

shown already at sufficient length the nature of the distinctions be-

tween the upper and middle divisions. The term “Waverly conglom-

erate” is especially unfortunate as the developments of conglomerate,

as already shown, are local and may represent either conglomerate

I or II, which are separated by a long and important interval.

In view of the above considerations we suggest the following

modification of Prof. Orton’s scheme, hoping to avoid the difficulties

incident to the earlier plan of Dr. Newberry without introducing am-

biguity into the terms employed :

‘ ‘ Cuyahoga or Waverly series. ’ ’ (Conglomerate II.)

j

Kinderhook 50-60 ft

[,
(Conglomerate I.)
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Berea or Transition series

.

(Western equivalent of upper Chemung.)

Erie shale,

Eastern or typical Chemung (lower part)

fWaverly shale : 40 ft,

I

Berea shale* 200-400 ft.

\
Berea grit 50-60 ft.

I

Bedford shale 50 ft.

Cleveland shale (local) 50 ft.

100 ft.

2. The Middle Waveiiy 01' Kinderhook Division.

In as much as this important division is quite absent in the north-

ern and eastern localities, a great deal of misapprehension has arisen,

which is quite uncalled for. The geologists who have worked only in

the Cuyahoga valley habitually under-estimate the significance of this

the most fossiliferous portion of the series. The middle Waverly is

essentially a littoral zone and its fossils are for this reason largely pecu-

liar, but it can be readily shown that Prof. Alexander Winchell was

correct in identifying this horizon with the Kinderhook, etc., of the

west. We do not claim that no fossils of the Kinderhook occur above

conglomerate II or below conglomerate I, for this would be contrary

to all analogy, but we do believe that, as a rather distinct factor of the

Ohio Waverly, this may be wholly referred to that age and is its spe-

cific equivalent. That this horizon is equivalent to the Catskill of New
York, as suggested by Winchell, would be in our judgement too specific

a claim. The Catskill is another such a local development but it is

more intensely local as it is a restricted member of the Chemung series,

itself a littoral and provincial deposit. Very strict correlation of strata

deposited under diverse conditions may never be possible. Chrono-

logical and faunal equivalences are rarely strictly identical. We may
safely say that our middle Waverly is representative of the Catskill,

and that is enough It is not necessary to reherse the accumulated

evidence to show that this group is more closely allied to the upper

Chemung than the Carboniferous limestones of the west. The spe-

cies which give to the Waverly its carboniferous aspect as maintained

by all writers, are largely from division iii. Nevertheless, the transi-

tion is gradual and almost imperceptible. The following are a few

of the species which substantiate the identity with the Kinderhook.

(It should be observed that the fossils of the lower sandy portions of

the Burlington have been referred to the Kinderhook, hence quite a num-

ber of so-called Kinderhook species occur in our division iii). Conocar-

*This term includes not only the black shale, so called by Prof. Orton, but

the greater part of the shales below the Kinderhook.
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dium pulchellum,Nucula iowensis, Sanguinolites rigidus.Spathella ven-

tricosa, Mytilarca fibristriata (below), Dexiobia ovata, Syringothyris

sp., Edmondia burlingtonensis, Goniatites lyoni, Murchisonia quadri-

cincta, Bellerophon cyrtolites, Productus arcuatus, P. Sliumardianus,

Chonetes logani,_etc.

3. The Waverly Shale.
^

This term is given to forty feet of very fossiliferoiis shale below

conglomerate I, and perhaps most closely related to our division II.

The fossils are generally identical with Michigan species, such as,

Palaeoneilo attenuata, P. elliptica, Orthonota rectidorsalis, Sanguino-

lites unioniformis, etc. This section contains a number of Kinder-

hook species with a sprinkling of those of the preceeding horizons.

We have for convenience classified it with the Berea or Transition

series.

4. The Berea Shale.

This is equivalent to the Cuyahoga shales of Orton minus the

above mentioned shale. Instead of being as Prof. Orton states almost

unfossiliferous, this division is one of the most interesting in the state,

preserving its fossils, thanks to the calcareous concretions, in perfect

condition. The species are mostly new to science but have analogies

with Chemung and Hamilton forms. The bryozoa have not furnished

conclusive evidence, most of them being new. The upper thirty or

forty feet contain the concretions with three or four new trilobites,

and Spirifer marionensis, Fenestella herrickana, Lyriopecten ? cancel-

latus, Pterinopecten cariniferus, Streblopteria fragilis, Promacra ? trun-

cata, etc., are characteristic species. Traces of the same fauna can be

followed downward over 100 feet. The lower part of this shale to-

the Berea contains a fauna as yet unstudied. The difficulty of secur-

ing specimens is extreme. Several days labor during which the shale

was systematically examined bit by bit, inch by inch, have yielded

about half a dozen species in obscure fragments. A spirifer apparent-

ly^ intermediate between Sp. marionensis and Sp. disjunctus, a Chon-

etes like C. scitula, a Palaeoneilo like P. sulcatina, a Schizodus some-

what elik S. medinaensis, a fine Pleurotomaria, Palaeoneilo consimilis

and a Proetus being the entire find. The patient student will perhaps se-

cure added material from exposures of this horizon one mile east of

Harlam and four miles west of Jersey.

5. The Berea Grit.

The thickness of this horizon varies considerably. The grit proper
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rarely exceeds sixty feet, but the superposed shales frequently become

flags resembling it closely. These flags have yielded Atrypa reticularis

and Strophomena rhomboidalis, the latter species, however, in the un-

disturbed deep sea fauna farther east, endured until the beginning of

division iii. The only other fossils known from the Bera grit are

found in the bitumenous layers overlying the grit. They are Orbicu-

loidea newberryi and Lingula melie.

In the northern part of the state the Berea is more distinct and

may be divided into the lower or grind-stone grit and the upper or

flag-stone division. The following section in Lorain and Medina

counties will sufficiently illustrate the relations

:

Carboniferous conglomerate 25 ft.

f Shales with Chonetes illinoisensis, numerous bryozoa, etc 65 ft.

Cuyahoga etc ^
Blags and shales with Spirifer biplicatus, Productus new-

’
'

I

berry i, etc 35 ft.

I Ferrugineous freestone with many fossils 20 ft.

(Middle Waverly, absent.)

f Shales with concretions with Strophomena rhomboidalis
Waverly and

J
and fossils of horizon 80 feet below congl. I mingled

Berea shales
|

with those of division III 30 ft.

[ Unseen (perhaps) 150 ft.

Berea Grit. f Berea flags

\ Grindstone grit

-40 ft.

_20 ft.

Bedford shale, (green and red) 50 ft.

6. T/ie Bedford shale.

This member of the series has been the occasion of much per-

plexity. The so-called choccolate shales of central Ohio have fre-

quently been identified with the Bedford of the lake region upon litho-

logical grounds alone, the southern exposures being thought un.'ossili-

ferous. As a matter of fact, they are everywhere abundantly fossil fer-

ous. Especially prolific exposures occur near Central College, O. A
number of the species occurring there are figured on Plate IX, and

several of the same species are abundant in Summit county near Pen-

insula. One is at once struck by the fact that the group of forms here

associated has nothing in common with either the Erie shale fauna or

that of known exposures of the Waverly. The stratum rests directly

on the the Hamilton* for much of its extent but overlaps the Erie shales

in the north-eastern counties. Another fact is equally striking. The

*Prof. Orton, indeed, identifies the Cleveland shale in central Ohio, but in

this we are unable at present to concur.
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species are indistinguishable from or very like well-known Hamilton

forms.

List of Fossils from the Bedford Shale.

1, Lingula melie^ H.

2 . Orbtculoidea newberryi^ H.

0 , Orthis vanuxemi^ H.*

Ji. Chonetes sdtula^ H.*
5. Ambocoelia u7nbonata^ H.*
6. Hemibronites

^

sp.

7. Macrodon hamittona:,, H.*
8. Microdon bellistriatus, Con. *

9. J^cda divei-sa^ var. bedfordensis^ var. n.(*)

10. PalceoneUo bedfordensis (=:var. of P. constricta,)

11. Pterinopacten., sp.

12. Bellerophon newberryi ? (*)

IS. Bellct'ophon llneata, H. ?

14 . Loxonei^ia., sp. (resembling L. delphicola.^)

15. Orthoceras., sp. (resembling O. linteum.*)

16. Goniatites^ sp. (resembling Portage sp.)

77. Pleurotomaria (cf. siilcomarginata.*)

One might conclude at once that this shale is little later than the

Genessee but what seems like a well-warranted conclusion is quickly

disturbed by the facts known concerning the subjacent strata in north-

ern Ohio.

As above stated the Bedford reposes on the Black shale in central

Ohio, but along Lake Erie two important members are interpolated,

viz.
,
the Cleveland and Erie shales.

Dr. Newberry has decided that the Bedford shale is carboniferous

on the basis of such fossils, as Syringothyris lypa, Hemipromtes crenis-

tria, Chontcs logani, Orthis michelina., and Spiriferina solidirostjis and

a lew more. Having searched dn the same localities without finding

these forms in the typical Bedford as it appears in southern Ohio and

on the other hand finding the species above mentioned we feel some

hesitation as to the occasion of the confusion. These species may in-

deed occur below the Berea, but in flags and greyish shales not in the

blue or red Bedford .shale I

^'Species so designated are of Hamilton age or closely related to such spe-

cies.
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6 . The Cleveland shale.

This is a local bitumenous phase of great interest on account of

the fish remains found in it. It may be omitted from our discussion

as a local development reaching only the thickness of fifty feet and

rapidly thinning out to the south. But that fact, and the fact that the

Erie also becomes thicker to the north-east while the remaining strata

grow thicker toward the south-west may occur to us in the light of a

valuable suggestion. Meanwhile we pass to

7. The Erie shale.

This has heen a bone of contention. Probably the Devonian

content of the lower Waverly would be admitted by everyone were it

not that the fauna of the Erie is undoubtedly Portage or Chemung.

It has yielded us, in the Cuyahoga valley near Peninsuala, the follow-

ing species

:

1. Spirifer alfi/s.

2. Spirifer disjunctus.

3. Spirifer prcematurus.

4. Leiorhynchus niesacostalis.

5. Streptorhynchiis chemungensis.

6 . Terebraiida^ sp.

7. Rhynchonella sappho.

8. Leiopteria., sp.

9. Orthoceras bebiyx.

10. Productus (like lachrymosus.)

* To this list Prof. Newberry adds Orthis tioga, and others of un-

mistakable Chemung age. Dr. Newberry, in a private letter dated

May 28th, 1888, reiterates the conclusions arrived at on the Geolog-

ical Survey of Ohio, stating that ‘‘there is no foundation in fact for

the union of the Cleveland, Erie, and Huron shales as the Ohio Black

Shale. The Cleveland and Huron have nothing in common and in

eastern Ohio are separated by 1000 feet of Erie shale which is upper

Portage and Chemung. It (the Huron) represents everything in New
York, from the Gardeau shale to the Marcellus inclusive, as I have

taken from it in central and western Ohio fossils of the Portage, the

Genessee, and the Marcellus shales, viz : Goniatites coniplanatus

^

Leiorhynchus quadricostatus., Lingula spatulata., Discina lodensis, Lunu-

licardium fragile., Slvliola fissurella, and Leiorhynchus limitarisi^

The aspect of the Erie shale is exactly that of the Waverly shale
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above the Berea and there seem to be several identical species but our

time was too brief to collect systematically. A species of Syringothy-

ris at least seemed to be common. The Bedford shale on the other

hand seems more to resemble the Huron and in some places where it

lies superposed on it is difficult to distinguish. Were it possible that

this close interblending had escaped Dr. Newberry it would seem

probable that some of the species attributed to the Huron are really

Bedford.

All discussion of the age of the lower Waverly now turns upon

the question as to the age of the Erie and Bedford, and this question

stands in need of careful field-work and especially more extended and

minute palaeontological examination. Meanwhile the following sug-

gestions may be hazarded. First, we may assume as proven that the

Erie shales are of Chemung age, that is, in the broad sense, including

Portage. The fossils, on the whole, indicate lower Chemung or Por-

tage. Are we to conclude froin this that all which lies stratigraphically

above the Erie is certainly later faunally than the top of the Chemung
as seen in New York strata? We think this does not by any means

follow. We are struck in examining the stratigraphy of the Waverly

by the fact that the dip of the true Waverly strata is south-east and the

great area of its deposition is in a different basin from the Chemung.

The Waverly strata thin out to the north-east while the Erie increases

in thickness in the same direction. The point where the Erie and

Waverly stata come into juxtaposition is not, however, along the shore

of the Waverly sea, but far to the eastward of the littoral deposits.

The two sets of rocks were formed then by different but occasionally

interblended seas. The line of strike measurably conforms to the

shore line in the Waverly. Thus the plane of looo feet elevation in-

tersects the Moot’s run horizon in Licking county and some distance

west of Portsmouth in southern Ohio, while at Lodi the same horizon

seems nearly at 825 feet probably, throwing the line of intersection

further toward the west. There has not been any considerable change

of level since the sediments were deposited beyond the gradual sink-

ing of the centre of the basin. It is evident that the Devonian basin

in New York and that of the Carboniferous in Ohio are not coincident

nor have their movements followed the same rhythm.

When the strata which constitute the Chemung in New York

were forming, what was going on in Ohio ?

There seems to have been a pretty general uniformity of condi-
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tions during the Hamilton period over the entire area considered—in-

deed a much more extensive one. The change which made the sedi-

ments of New York littoral sands and induced a modification of fauna

may not have been felt at once in distant areas in Ohio. The undis-

turbed seas in Ohio may have been concealing a fauna closely allied

to the Hamilton, while the oscillation along the western border of the

Chemung area may have once and again thrown a great apron of its

own sediments over Hamilton beds, only to be in turn covered by a

similar apron from the Ohio ocean.

What, indeed, is to prevent us from believing that when the early

fluctuation of the north-eastern part of this area was bringing more and

more of the Silurian shore-line within its own erosive power and ac-

cumulating coarse detrital material in great masses, the weedy sea of

the Hamilton continued unaltered in Ohio. Sandy bottom, stormy

waves and unaccustomed conditions of all kinds must have their effect

on the organization of the fauna and, if accepted ideas of the causes

of evolution are correct, a sudden change would be seen in a faunal

development more or less forced, one-sided, and local.

Great variety within narrow groups is the rule under such condi-

tions. Just as the sudden formation of a prairie out of a morass de-

velops hundreds of species in a few genera, so, in this case, such

groups as could cope successfully with the new conditions would ex-

pand while others disappear. As the agitation extended westward

the plot thickens. Somewhere on the western part of our area we

should expect to find strata strangely interblended, just as a player in

cutting and shuffling a pack thrusts the edges of the cards between

each other. Here we should find a stratum marking the return of the

former conditions.

Such a state of things as we have supposed would explain the

conditions in northern Ohio in the period before the Berea grit, which

put an end to all this by calling in the agency of shore action on its

own account in the western part of the basin. Of this there is abund-

ant evidence in the oblique lamellation and fucoids of that horizon. If

we admit the probability that Hamilton arid New York Chemung

played a game of hide and seek during the preliminary oscillation they

certainly were sadly disturbed during the Berea epoch.

Then followed a gradual depression with occasional infiltration

from the Chemung area, now rapidly contracting. The Berea shales

mark the long period of isolation and gradual depression. When the
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subsequent upheaval began the sea must have extended as far as to

the northern highlands and, after gnawing away at their bases and

storing up great reservoirs of material, there began the gradual depres-

sion which spread them over the whole of the area. Time was then ripe

for the opening of the Carboniferous period. The old descendants of

Hamilton forms had done what they could, assisted by strays from the

Chemung areas further east and having grown sadly out of fashion

they were now subjected to nearly the same influences which were

applied in the Chemung area. Littoral action and coarse sediments soon

bore fruit in a fauna very like the later Chemung, though that period

was now closed in New York.

Thus grew up our Kinderhook or middle Waverly. But a tem-

porary recession swept the waters backward depositing a shale con-

taining a few descendants of the old Waverly-shale fauna with inter-

spersed forms of Carboniferous types. It was now sub-carboniferous

time and the elevation which next followed left its trail of sandy ma-

terial with a fauna not unlike the Burlington but so hastily retreating

as to build no limestone fortifications. But in the far south-east now
these limestones gathered strength and with the next gain of Neptune

flung a thin apron over the lap of southwestern Ohio into which

stormy Coal-measure seas cast millions of tons of stones worn by the

universal torrents from the northern shores.

Of course this is a fabric of the imagination, but does it not explain

in some measure rationally the complicated problem of the Waverly ?

There can be little doubt that the materials of middle Waverly

sandstone and conglomerate were carried by rivers or the like. The

epoch of coal-measure conglomerate we have also spoken of as a tor-

rent period. On what grounds ? ist. The accumulation of tree

trunks of carboniferous aspect. 2nd. The nature of the deposits.

3rd. The fickle distribution of the materials. 4th. The combination

of new and old material in its make-up, etc. How is the sudden and

simultaneous advent of this rainy season explained ? Did we not hear

but yesterday that the axis of mother earth took a tilt northward dis-

turbing all conditions ? May not the inauguration of this change have

been a gusty epoch? Incidentally we have showed how the

composite character of the upper part of the Cuyahoga shale is to be

understood.

It is not intended to carry out this speculation so far as to formu-

late an hypothesis. To the experienced student the few hints offered
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may be sufficient to indicate at least a partial escape from the apparent

dilemma introduced by the results of paleontological study*.

ADDENDA.
PTERiNOPECTEN L^TUS. H.

(Plate V, Fig. 13.)

A single left valve which cannot be distinguished from the quoted

Portage species, was found at Moot’s run.

SPIRIFER KEOKUK.

Specimens of this or a closely allied species occur in the upper

layers at Rushville and Loudonville.

LEIOPTERIA ? ? NEWBERRY!, sp. a.

(Plate XI, Fig. 31; also Vol. Ill, Plate VII, Fig. 36,)

This species is anomalous, at least we know no close analogue

in any Carboniferous or Devonian genus. From any of the species

here described it may be distinguished by the great height and uniform

^Trof. Orton’s statement that the Cleveland shale is identified in central Ohio,

is contrary to all statements of other geologists and apparently very .slightly sup-

ported by observation. There is a considerable lithological difference between

the Cleveland shale of northern Ohio and the Huron near Columbus, though

Prof Orton identifies one with the other, apparently without regarding the diffi-

culty of disposing of the great Erie shale with its Chemung fossils, which separ-

ates them at the north.

It is not at present possible either to affirm or deny the extension of the

Erie to the south-east, as the testimony of drilled wells is very ambiguous where

minute differences and especially when palccontological considerations are in ques-

tion.

A glance at Prof. Orton’s useful map and sections of the Berea will strongly

reenforce the view here presented. The south-eastward extension of the Waverly

basin as contrasted with the north-eastward extent of the Chemung area is very

'Obvious. The thickening of the Erie and Cleveland shales will be seen to cor-

respond nearly to a change in dip, the line of which forms an anticlinal south of

Akron, etc. So far as can now be gathered the red or true Bedford shale does

not extend far to the north-east in Ohio. The great thickening of the Berea grit

to the north-east is addition evidence of the near proximity of the shore of the

Berea sea. At Youngstown there are about 150 feet of Berea, at Martin’s Ferry

130 feet.
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convexity of the posterior margin. The beak is about one-fourth from

the anterior extremity. Anterior margin short, oblique, terminating in

a rather acute angle at the lower margin, which is gently curved. The
hinge-line is oblique to the axis and nearly straight. The surface is

quite convex and marked only by concentric lines of growth.

It is possible that the species is related with Spathella or Modiola

rather than Leiopteria. A second species or variety is figured on

Plate V, Fig. 12, of vol. III. This is proportionately more elongate

and has the lower outline somewhat sinuous at a point near the front

where a sinus passes over the surface toward the umbo. The poster-

ior wing is also more strongly extended, yet we suspect these both fall

in a single species. The first above described form is apparently from

the highest horizon of Div. Ill, i. e., Keokuk or upper Burlington,

while the latter is from a lower zone in the same division at Newark.

Comparative measurements may be taken from the figures as the speci-

mens are not now available.

AVICULA? RECTA, sp. n.

(Plate X, Fig. 13.)

Shell scarcely oblique, broad and flat, expanded below
;
hinge

about one-half the height; posterior wing small, obscurely rounded,

posterior margin nearly straight, forming an angle of about 15° with

the hinge
;
anterior wing large, nearly rectangular, separated from the

body by a depression forming an angle of 45° with the hinge, anterior

outline with a shallow sinus at the juncture of the ear and body; front

margin broadly elliptical. The surface is marked by strong, unequal,

concentric grooves and striae. Length of hinge, 6.5 mm.; height, 12

mm.; greatest length 10 mm.
Cuyahoga shales at Cuyahoga Falls, 30 feet below the conglomer-

ate.

SOLENOMYA ?? CUYAHOGENSIS, sp. n.

(Plate X, Fig. i.)

Shell minute, resembling in most ascertainable characters S. ano-

dontoides of the coal-measures, but less expanded posteriorly. This

may prove to be a young specimen of an Edmondia. I will not give

a formal description but refer to the figure for all known details.

Length, 6 mm.; height, 3.5 mm. Cuyahoga Falls, 30 feet below the

conglomerate.
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SCHIZODUS TRIANGULARIS, Her,

(Plate VI, Figs. lo, 13.)

Macrodon ?? triangularis, Herrick. Bui. Den. Univ. vol. Ill, p. 74, Piute VIII,

Fig. 8.

The poor specimens encountered last year gave an entirely false

impression of this species. We have figured two typical (but, in size,

extreme) examples of the species which show that the specimen figured

last year, like many others seen, had lost the narrow posterior margin.

The description may be emended as follows

:

Shell large, sub-triangular in outline, apparently unusually thick

for the genus. Hinge-line very short
;
anterior margin nearly straight

or even slightly concave with the antumbonal convexity apparently

springing abrubtly from the edge, which forms a large angle with the

hinge
;
posterior margin nearly straight, very oblique to the hinges

very near the post-umbonal ridge, post-umbonal slope very strong;

lower outline a gentle convex curve broken by a slight sinus posterior-

ly. Surface convex, with a shallow groove in front of the post-um-

bonal ridge, which is strongly marked.

The very narrow and strongly depressed post-umbonal portion is

characteristic of the species and, as even this was hidden or broken off

in all of our earlier specimens, the resulting form seemed quite anoma-

lous. This species seems so unlike the associated species as to re-

quire no comparison. It is limited to the freestone of the middle

Waverly.

PLEUROTOMARIA STELLA. Win?

(Plate X, Fig. 41.)

‘‘Shell minute, trochiform, composed of four and a half closely op-

pressed whorls, forming an apical angle of about 90°. Suture linear,

inconspicuous, the flat sides of the whorls all lying in the same plane.

Body whorl regularly rounded, marked by a raised bilinear band situ-

ated a little above the peripheral line, and on the whorls of the spire

nearly concealed. The body whorl is ornamented by a line of minute

tubercles running close to the suture, and occupying a feeble revolv-

ing ridge. No indications can be seen of transverse strise connected

with the tubercles.

Aperture subcircular
;
with the columellar lip reflected over the

umbilicus. Some sharp incremental lines rise from the umbilical de-
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pression and extend across the body of the shell. Height, .16 in.;

width. .20; height of body whorl, .14; height of aperture, .9; width

of band at aperture, .02; number of tubercles in one-tenth inch, 12.”

Though somewhat larger our specimen agrees in all visible char-

acters with the Michigan species.

From shale above conglomerate II, at Newark, where it is asso-

ciated with Orbiculoidea pleuntes. Lingula waverlyensis
^
Allo 7'isnia con-

sanguinatus, Conularia newherryi, etc.

SCHIZODUS HARLAMENSIS, sp. n.

(Plate VI, Fig. 2.)

Shell small, subtrigonal, considerably longer than high, rather

flat
;
beak prominent and produced

;
anterior side nearly at right angles

with the basal and hinge margin, abruptly rounded above and below
;

lower margin nearly straight and parallel to the hinge
;
posterior mar-

gin but slightly oblique, moderately curved; central lower surface a.

triangular plahe, posterior to which the post-umbonal slope slopes as

a more oblique plane to the margin, while the ant-umbonal portion is

more convex. Surface smooth except for the usual fine concentric

striae. In this species we see a link between Chemung and Waverly

forms, if indeed, this does not prove identical with a Chemung form.

The resemblance to Schizodus medinaensis is unmistakable. One mile

east of Harlam, Delaware Co. In shales a few feet above the Berea

flags.

PLATE I.

Figs. 1-3', Froetus {Philhpsia'^) precursor. Pier p. 54.

P"igs. 4-5. Phaethonides spinosus, P-

P'ig. 6. Phillipsia meraviecejtsis, Shum p. 54.

P’ig. 7. Froetus mitiuius, Her. Camera drawing of nearly perfect individ-

ual, highly manified p. 5^-

P'ig. 8. Phillipsia serraticaudata p. 52.

Figs. 9-15, Phaethonides imrnaturusgciQ^x p. 59.

Fig. 10. Phaetlion-ides occidentalisgAox p. 57.

Fig. II. Phillipsia seTJ-aticaudata 71

P'ig. 12. . Proetus {haldemani 7
)

p. 55.

Fig. 13. Proetus {Phillipsia) sp. close to P. auriculatus p.

Fig. 14. Proetus {Phillipsia) ariculalus^ H. {=shumardi) p. 54.

P'ig. 16, Phillipsia
(.fi

consors^ Her p 53 -



ii8 BULLETIN OF THE LABORATORIES

PLATE II.

Fig. I. Hemipronites crenistria^ lo ft. above Ohio river at Sciotoville p. 24.

Fig. 2. Spirifer viarionensis, Portsmouth p. 26.

Fig. 2a. Surface characters, highly magnified.

Figs. 3-10. Spirifer (resembling altus) Moots’ run, calcareous concretions.

Fig. 4. Spirifer (tenuispinatus) sp. n. Moots run p. 27.

Fig. 5. Hemipronites. Young individual. Moots run p.

Fig. 6. Spirifer, sp. Top of section near Newark. Div. Ill p.

Fig. 7. Spirifer deltoidens, sp.n. Congl. I, Granville p. 27.

Fig, 8. Spirifer biplieatus. Newark, Div. Ill p. 25.

Fig. 9. Spirifer striatiformis, full grown dorsal valve. Newark, Div. Ill p. 85.

PLATE III.

Fig. I. Lingula {scotia war.) wazieriyensis. Her p. 18.

Fig. 2. Idngula gannensis. Her. Dorsal valve, b. striae enlarged p. 17.

Fig. 3. Lingula gannensis, YewtroX valve p. 17.

Fig. 4. Lingula membranacea. Win, ventral valve -p. 17.

Fig. 5. Oi'biculoidea pleurites. Meek, ventral valve p. 19.

Fig. 6. Athyris ashlandensis. Her p. 24.

Fig. 7. Syrmgothyris, sp. view of the interior of beak p.

Fig. 8-9. Terebratula mconstans. Her p. 24.

P'ig. 10. Productus nodocostatus. Upper Waverly p. 24.
'

Fig. II. Spirifer disjuncius, H. Erie Shale, Peninsula, O,

Fig. 12. Grammysia ovata. Pier p. 35.

P'ig, 13. Mariinia preematura, H. Erie Shale,

Fig. 14. Tooth of fish.

Fig. 15. Productus rushvillensis

,

Her ' p. 22.

Fig. 16. Leiorhynenus ? richlandensis. Her.

Fig. 17. Productus {nezvberryi var.) annosus. Pier p. 20.

Fig. 18, Phynchonella marshallensis

,

Win -p. 23,

P'ig. 19. Pivductus 1 aricostatus. Her p. 19.

PLATE IV.

Ffg. I. Sphenotus valvulus, 30 feet below congl. L
Fig, 2. Prothyris meeki, Gann. Div. H.

3 - Ctenodonta houglitoni't 30 feet below congl. 1 . Union Station p. 44.

Fig, 4. Paleconeilo curta. Freestone, Div. II p. 44.

Fig. 5. Dexiobia ovata. Near congl. H p. 38.

Fig. 6. Oracardia cornuta, sp. n. Lamellibranch layer below congl. I__p. 42.

Fig. 7. Dexiobia ovata, Gann p. 3^-

Fig. 8. Oracai'dia ornata, sp n. Freestone, Granville p. 43.

P'ig. 9. Hinge view of same specimen.
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Fig. 10. Oracardia ornata. Large specimen p. 43.

Fig. II. Nuculana, sp. Gann, near congl. II.

Fig. 12. Nuculana, sp. Freestone, Granville.

Fig. 13. Nuculana similis. Below congl. I.

Fig. 14. PaUeoneilo consimilis

.

Shale i mile east of Harlam, O p, 43.

Fig, 15. PaliBoneilo ignota. Moots run '

p. 44.

Fig. 16. Nuculana saccata, ? Below congl. I.

Fig. 17. ‘ PalcBoneilo sulcatina. 30 feet below congl. I.

Fig. 18. Palceoneilo ? marshallensis

.

Div. Ill, Rushville p. 43
Fig. 19. Macrodon newarkensis. Div. Ill, Newark p. 36.

Fig. 20. Spathella ventricosa. Freestone, Granville p. 31.

-Fig. 21. . Mytilarca Jib7 isiriata

.

Moot’s run p. 31.

“^Fig. 22. Nucula^ia diveisa ? Peninsula, O.

Fig. 23. Nuculana nuculczformis ? Above conglomerate II, Newark p. 45.

PLATE V.

*' Fig. I. Rdmoitdia sulcifera. Right valve, Moot’s run p. 30.

Fig. 2. Hinge view of smaller valve of same species.

Fig. 3. Crenipecten cancellatus. Moot’s run p. 34.

Fig. 4. Leiopteria {Leptodesma) orioni, largest specimen yet collected, 40

feet below conglomerate 1.

5 * Leioptei'ia^ sp. Freestone.

t Fig. 6. Leptodesma scutella. Freestone, (Cf. vol. iii, Plate IV) p. 30.

Fig. 7. CofiocardiuJii (Cf. alternistriatum). Moot’s run p. 40.

, Fig. 8. Leiopteria^ sp. Freestone.

Fig. 9. Crenipecten caroli, ? Gann, freestone.

Fig. 10. St^'eblopteria,, Gann. Freestone.

Fig. II. Avicula (?) subspatidata,, sp. n. Div. Ill, Newark p. 20.

Fig. 12. Ptei'inopecteti cai-mifetus, peculiarly modified left valve o. 33.

• Fig. 13. Pterinopecten Icetus. H. Moot’s run.

• Fig. 14. Ci'ejtipecteit crejiistriatus. Div. Ill, Newark p. 34.

Fig. 15. Strebloptei'ia, sp. Div. Ill, Newark.

Fig. 16. Crinoid arm, Sciotoville.

PLATE VI.

Fig. I. Schizodus proloitgatus. Her. Lamellibranch layer p. 36.

Fig. 2. Schizodus palaeoneiliformis. Freestone.

3 * Schizodus harlamensis, i mile east of Harlam.

Fig. 4. Sphenotus [Cypricai'dia). Lamellibranch layer.

Fig. 5. j

G^'aniniysia fainelica, Her p. 35 -

Fig. 6. Schizodus newarkensis, Her. Tank, Newark p. 36.
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Fig. 7. Macrodon^ sp. Moot’s run.

Fig. 8. Cypricardima scitula, Her. Moot’S run . _ p. 38.

Fig. 9. Macrodon reservatus

.

Freestone.

Fig. 10. Schizodus triangularis^ Her. Freestone p. 1 16

»Fig. II. G^'ammysia (?) hannibalensis, Shuin. Freestone.

Fig., 12. Schizodus quadrangularis

^

H. Freestone.

Fig. 13. Schizodus triangularis

,

Her. Freestone __p. 1 16.

(“Macrodon ?? triangularis,” of vol. iii.)

PLATE VH.

Fig. I. Orthoceras rushensis ? 30 feet below congl. I.

Fig. 2. Goniatites lyoni. Freestone.

Fig. 3- Nautihis. Moot’s run.

Fig. 4. Moot’s run.

Fig. 5- Euomphalus latus. Freestone.

Fig. 6. Murchisonia, sp. Moot’s run.

Fig. 7. Loxonema, sp. Tank, Newark.

Fig. 8. Nautilus, sp. Tank, Newark.

Fig. 9. Pleurotoniaria strigillata. Freestone.

Fig. 10. Pleurotomaria {Flemmgia) stuita, Her, Freestone- - p. 43-

Fig. II. Pleurotoniaria vadosa, Win. ? i mile east Harlam.

Fig. 12. Platyceras vomerum, Win. ? Moot’s run,

PLATE VHI.

Fig. I. Platyceras lodiensis, var. ? Bagdad, 0 „ _ -P. 46.

Fig. 2, Conularia gracilis, Her. 2a, the smallest specimen seen

;

2b, the

largest specimen seen, restored
;
2c, camera drawing of a portion

of the surface greatly magnified . _ _p. 48.

Fig. 3. Conularia victa. White.

Fig. 4. Conularia micronema. Meek. 4a, camera drawing of.surface magnified.

Fig. 5- Conularia newberryi. Camera drawing of surface magnified.

Fig. 6. Zaphrentis (?) . Upper layers at Rushville.

Fig. 7- Platyceras lodiensis, ? Ashland Co.

Fig. 9. Cythere ohioensis

,

Her. Upper layers at Rushville

PLATE IX.

Fossils from Bedford shales at Central College.

_p. 60.

Fig. I. Lingula nielie.

Fig. 2. Discina, sp.

Fig. 3- Martinia umbonata.
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Fig. 4. Macrodon hamiltoncB^ H.

Fig. 5. Goniaiites, sp.

Fig. 6. Strophomena rhomboidalis

.

From shales above' Berea grit.

Fig. 7. Airypa reticularis. From shales above Berea grit.

Fig. 8. Palczoneilo bedfordensis, Meek.

Fig. 9. Microdon bellistriatus

.

Fig, 10. Orthis vanuxemi ?

Fig. II. Bellerophon helena. ?

Fig. 12. Pierinopecten, sp.

Fig 13. Nticulana diversa, H.

Fig. 14. Pleurotomaria sukomarginaia. ?
*

Fig. 15. Loxonema delphicolal

Fig. 16. Orthoceras. sp.

PLATE X.

Fig. I. Solenomya ? cuyahogensis, 5 -p. n p. 115.

Fig. 2. Palceoneilo^ sp.

Fig. 3. Edmondia, sp.

Fig. 4. Nucula houghtoni, ?

Figs. 5, 6, 7. Entolium aviculatiini.

p. 115.

Figs. 8-9. Crenipecten

,

sp.

Fig, 10. Aviculopecten, sp.

Fig. II. Aviculopecten. sp.

Fig. 12. Aviculopecten, sp.

Fig. 13. Avictila recta, sp. n. _

Fig. 14. Platyceras, sp.

Fig. 15- Macrodon (allied to) tenuistriata.

Fig. 16. PalcBoneilo, sp.

Figs. 17—18. Spirife7 biplicatus.

Fig. 19. Spirifer., sp.

Fig. 20. Spirifer JiiHus.

Figs. 21-22. Orthis^ sp.

Fig. 23. Atyris, sp.

Fig. 24, Pfoductus nexvberryi p 20.

Fig. 25. Hemipronites.

Fig. 26. Chonetes, sp.

Fig. 27, Conularia newberryi.

Fig. 28, Surface characters of an associated species of Conularia.

The above figures are intended to illustrate the nature of the fauna at the

highest horizon of the Waverly, at Cuyahoga Falls, only 30 feet below the car-

boniferus conglomerate. These species have not been elaborated because it is

hoped that Prof. Claypole of Akron, will soon give this region a careful study.

Fig. 29. Lingula cuyahoga, Hall-

Fig. 30. Lingula atra. sp. 11 p. 16.

Fig. 31. Lingula meeki., sp. n p. 18.

Fig. 32, Lingula melie, H. 1



£22 BULLETIN OF THE LABORATORIES

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

V Fig.

Fig.

Fig.

Fig.

33. Orbiculoidea newberryi, H p, 12.

34. Allorisma cuyahoga, sp. n p. 28.

35. Froductus, sp.

The above are from a horizon about 100 feet lower in Cuyahoga valley.

36. Feneslella albida. var. ?

Pinnatopo7'a intermedia, Ulrich.

Pleurotofnaria, sp.

Rhynchonella, sp. These from Cuyahoga Falls.

Chonetes. sp. About 160 feet below conglomerate,

Pleurotomaria Stella, Win. Shale over congl. II.

Orbiculoidea pleurites, M. Shale over congl. II.

37.

38.

39 -

40.

41.

42.

43 -

44 ,

Cypricardinia ? sp. Highest horizon at Rushville.

Conocardmm, sp. Highest horizon at Rushville.

PLATE XI.

[Forms plate of same number in vol. iii.]

Fig. I. Mytilarca occidentalis. White ? - - _ _ . — p. 32,

Fig. 2. Piatyceras lodiensis. Meek.

Fig. 3 - {Phillipsia meramecensis

.

For this figure see Plate I, fig. 6.)

Fig. 4, Pterinopecten ashlandensis

,

Her. — P- 33 .,

Fig. 5 - Lyriopecten nodocostatus. Her _ ... .__p. 32.

Fig. 6. Macrocheilus ponderosus. Coal measures.

Fig. 7. Machrocheilus fttsiformis. Coal measures.

Fig. 8. Naticopsis nana. Coal measures.

Fig. 9 - Naticopsis nodosa. Coal measures.

Fig. 10. Macrocheilus paludincefotmis. Coal measures.

The above from Fultonham, just above the Chester,

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

11.

12.

13

14.

15 -

16.

17 -

18.

19.

20.

21.

22.

23 -

24.

25-

Productus parvus. Chester limestone.

Allorisma andrewsi. Chester limestone.

Allorisma consanguinatus

.

Her. Shale over congl. H.

Spirifer increbescens

.

Chester limestone,

Spirifer glaber. Chester limestone.

Nautilus bisulcatus. Her. Chester limestone.

Lophoplyllum, sp. Chester limestone.

Terehratula inconstans. Her. Waverly p. 24.

Cyrtina acutirostris, Shum. Lodi, O.

Rhynchonella contracta. Bagdad, O p. 23.

Rhynchonella marshallensis

,

? Lodi, O p. 23.

Spirifer increbescens

.

From limestone fragments in coal measure

conglomerate in Licking Co.

Conocardium altermstriatum. Her p. 42.

Crenipecten cancellatus, Her p. 34.
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Figs. 26,29. Productus duplicostatus^ Win. Distorted dorsal and perfect

ventral valve p. 21.

Fig. 27. Macrodon striatocostaius

,

Her p. 21.

Fig. 28. Macrodon. sp. Portsmouth. -

30’ Leiopteria nasutus, Her. Bagdad p. 29.

TABULATED LIST OF FOSSILS

Known to Occur in the Waverly of Ohio.

Compiled by W. F. Cooper.

The following list is designed to display at a glance the verti-

cal position of all species reported from the Waverly group. While it

is attempted to include all species reported in Ohio, it has not been

possible to entirely eliminate synonomy and it is probable that some

species have been overlooked.

Those species which have not been seen by us are indicated by

an initial indicating, not the authority for the name, but the person

upon whose observation the presence of the form in Ohio rests. Thus

[W.] indicates Prof. Alex. Winchell, [H.] Prof. James Hall, [M.]

Mr. F. B. Meek and [N.] Prof. J. S. Newberry.

The sub-divisions in the table are artificial, but correspond in a gen-

eral way with the horizons and sub-divisions indicated in Prof. Her-

rick’s papers. They are as follows : I, all below conglomerate I.

1 1, Bedford shale, I2, Berea grit, I3, lower part of Berea shale, I4, up-

per part of Berea shale (about 150 feet, up to within 40-60 feet below

cpnglomerate I.) I5, Waverly shale (40 feet below congl. 1 .) H,

Kinderhook division, Hi, freestone of central Ohio, H2, shale below

congl. H. Ill, Upper or Logan division, HIi, shale over conglomer-

ate II, HI2 freestone and shale up to about 100 feet above congl. H,

(Burlington), IH3, upper layers (Keokuk) about 25 feet.

Additions and corrections to the list are solicited.
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NAME.

Pisces.

Cladodus pattersoni, [N.]

Ctenacanthus formosus, [N
]

Gyracanthus alleni, [N.]
“ compressus, [N.]

Orodus variabilis, [W.]
Palseoniscus brainardi, [N.]

Crustacea.

Cythere ohioensis.
‘ ‘ crassimarginata, [W-]

Phaethonides occidentalis.

“ spinosus.
“ ? immaturus.
“ ? lodiensis.

Phillipsia meramecensis.
“ serraticaudata.
“ ? censors

“ (Proetus) auriculatus,

Proetus minutus.
doris, [W.]

“ praecursor.

Lamellirranchtata.

Allorisma nobilis.

“ cooperi.
“ wincheili.
“ ventricosa.
“ convexa.
“ Cuyahoga.
“ consaiiguinatus.

Area ornata.

Area modesta. [W.]
Avicula (Leptodesma) scutella.

? sub-spatulata.

Aviculopecten perelongatus.
“ cooperi.
“ oweni.
“ whitei, [W.j
“ newarkensis.
“ occidentalis, [W ]

“ tenuicostatus, [W.]
Cardiopsis (Dexiobia) ovata,

Conocardium pulchellum.
“ alternistriatiun

Crenipecten granvillensis.
“ subcardiformis.
“ senilis ?

“ crenistriatus.
“ cancellatus.

Ctenodonta iowensis
“ Stella.

“ hough toni.

Division 1 Div II

1 2 .3 4 5 1 2

?

Div HI

1 2 ;5

0

?

?

O

o
?

o

0

o
o
o

? o
o

o o

? o
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NAME. Division I Div II

1 2 3 4 5 1 2

Ctenodonta sectoralis, [W.] 1

Cypricardinia (Microdon) scitula. 0
Edmondia depressa. 0

“ burlingtoneiisis. 0
“ sulcifera. 0
“ aequimargintus, [W.]

Grammysia ovata.
“ famelica. 0
“ rhomboides. 0

ventricosa. 0
“ hannibalensis. 0

Leiopteria ortoni. 0
“ halli. 0
“ sp. 0
“ sp. 0

nasutus. 0
“ newberryi.

Leptodesma scutella. 0
Limatulina ohioensis.

i

Lyriopecten ? cancellatus. 0
“ nodocostatiis. 0

Macrodon newarkensis.
“ striato-costatus. 0
“ sp. ! 0

Microdon reservatus. !

1

1

0
Modiola waverliensis. i 0
Modiomorpha hyalea

i

0
Myalina michiganensis. 1

1
0

Mytilarca fibristriatus. 0
“ occidentalis.

Nuculana spatulata. 0
“ similis.

i 0
var.

1

0
“ sp. 0
“ sp. 0
“ nuculseformis ?

“ barrisi, [WJ
Oracardia cornuta. 0

‘
‘ ornata

.

0
Orthonota rectidorsalis. 0
Palaeoneilo elliptica. 0

‘‘ plicatella. 0
“ elegantula. 0
“ marsliallensis.

. 0 0 0
“ allorismiformis. 0
“ attenuata. 0
“ ? ohioensis. 0
“ consimilis. 0
‘‘ ignota. 0
“ (Nucula) curta. 0
‘‘ snlcatina. 0

Pholadella newberryi. 0 0

Div III

12 3
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NAME.

Promacra truncata.

Promacra andrewsi, [M.j
Prothyris meeki.
Pterinea spinulata, [W.]
Pterinopecten shumardianus.

“ carniferus.
“ ? ashlandensis.
“ Isetus.

Sanguinolites senilis.

“ unioniformis.
“ flavins.
‘‘ amygdalinus.
“ michiganensis.
“ ceolus.

“ obliquus.
“ naiadilormis.

Schizodus newarkensis.
“ chemungensis.
‘

‘ cuneus.
‘‘ harlamensis.
“ medinaensis.
“ palaeoneiliformis.

“ prolongatus.
“ qadrangularis.
“

' triangularis.

Solen missouriensis, [W.]
Spathella ventricosa.

Sphenotus contractus.

transversus.

Streblopteria squama.
“ gracilis.

“ fragilis.

“ media.

Gasteropoda, Etc.

Bellerophon cyrtolites.

galericulatus.
“ sp.

“ perelegans.
“ bilabiatus, [W.]
“ vinculatus, ]W.]

Conularia newberryi.
“ byblis, [W.]
“ victa.

gracilis.

“ micronema.
“ multicosta, [W.]

Cyclonema leavenworthana.
“ strigillatum.

Dentalium granvillensis.

Euomphalus latus.

“ spirorbis.

Flemingia stulta.

Division 1 Div II

1 2 3 4 5 1 2

Div III

12 3
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NAME.

Goniatites lyoni,
“ sp.

“ andrewsi, [W.]
“ marshallensis, [W.]
“ ohioeiisis, [WJ
“ shumardianus, [W.]
“ sp.

Gryoceras, sp.

Loxonema yandellana.

Murchisonia quadricincta.

prolixa, [W.]
Naticopsis, sp.

Nautulus trisulcatus, [W.]
Orthoceras rushensis.

“ heterocinctum.
“ sp.

Platyceras hertzeri
“ haliotoides.
“ bivolve.

paralium ?

“ lodiensis.

“ vomeriiim, [W.]
“ subplicatum, [W.]

Pleurotomaria textiligera,

“ vadosa, [W.]
Stella.

“ sulcomarginata.

Brachiopoda.

Ambocoelia umbonata.
Athyris ohioensis.

“ lamellosa.
“ ashlandensis.

haiinibalensis, [W.]
“ missouriensis, [W.]

Atrypa reticularis.

Centronella julia.

“ allei, [W.]
“ flora, [W.]

Choiietes logani.
“ illinoisensis.

“ scitula,

tumida.
“ pulchella.

planumbona ?

Cryptonella eudora.

Crania hamiltoiias .?

Cyrtina acutirostris.

Discina gallalieri, [W.|
Hemipronites crenistria.

Lingula atra.

“ gannensis.

membranacea.

Division I Div II Div III

1 2 3 4 5
^

12
.,

12 3
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NAME. Division I Div II

1 2 3 4 5 1 2

Div III

12 3

Lingula melie.
“ meeki.
“ waverliensis.

Orbiculoidea newberryi.
“ pleurites.

Orthis vanuxemi,
“ pulchellus.
“ michellina

Productus semireticulatus

.

arcuatus.

burlingtonensis.

shumardianus.
Goncentricus

lachrymosus ?

speciosus

gracilis,

raricostatus.

newberryi.
(newberryi var ?) annosus.
duplicostatus.

rushvillensis.

nodocostatus.
“ morbilliana, [W.]

Rhynchonella contracta.
“ subcuneata.
“ sageriana.
“ sappho.

,

“ marshallensis.
“ sp.

“ liubbardi, [W.j
“ missouriensis, [W.]
“ pustulosa, [W.]

Rhynchospira ashlandensis.

Spirifer niarionensis.
“ striatiformis.

“ biplicatus.
“ winchelli.
“ raricostatus, [W.]
“ hirtus.

(Martinia) tenuispinatis.
“ deltoideus.
“ keokuk.
‘

‘ sillana ?

“ subrotundata ? [W.]
“ waverliensis ? [W.]

Spiiiferina solidirostris.

“ depressa.

Syringotbyris cuspidatus.

Terebratula ? inconstans.

Crinoidea.

Actinocrinus helice. [H.]

viminalis, [H.]
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NAME.

“ daphne, [H.]

Forbesiocrinus communis, [H.]

lobatus, [W.
’

kellogi, [H.]

Platycrinus graphicus, [H.]
“ contritus, [H.]

Poteriocrinus crineus, [H.]
“ corycia. [H.]

“ pleias, [H.]

Scaphiocrinus algini, [H.] .

“ lyriope, [H.]
“ subcarinatus, [H.]
“ subtortuosus, [H.]

Zeacrinus paternus, [H.] k

“ meriope, [H.
]

B'ryozoa.

Cystodictya zigzag.
“ simulans.
“ angusta.

Fenestella herrickana.
“ meekana
“ foliata.

“ aperta
“ subflexLiosa.
“ albida.

“ var. richfieldensis.
“ cavernosa.
“ regalis
“ burlingtonensis,
“ ten ax.

Glyptopora megastoma.
Leioclema gracillimum.

“ punctatum.
Polypora impressa.

“ gracilis.

“ radialis.

Ptilopora paupera.
Pinnatopora intermedia.

“ simulatrix.
“ curvata.
“ subangulata.
“ minor.
“ vinei.

“ youngi.
“ tenuiramosa.

Rhombopora confluens.

incrassata.
“ ohioensis,

Streblotrypa obliqua.
“ amplexa.
“ hertzeri.

Division 1 Dix; II Div III

1 2 3 4 5 1 2 1 2 3

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

0
0

?

0

i

1

?

0

0

?

0

0
0
0
0
0
0

0

?

0

0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0

00000000

O

-v

O

000000

O

00000000000
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NAME. Division I Div II Div III

1 2 3 4 5 1 2 1 2 3

“ striata. O
“ regularis. O
“ amplexa. ?

“ (? Leioclema) denticulata. O
“ major. o

Tseniodictya interpolata. o

Corals.

Pleurodictyum. o

Addenda.
Macrodon hamiltonse. O

Microdon bellistriatus. o

Leda diversa. O

Palaeoneilo bedfordensis. o
Bellerophon newberryi ? o

“ helena ? ? o
“ lineata. o

Loxonema delphicola ?

Platycriniis nchfieldensis.

o

o
“ lodensis. O
“ bedfordensis. |o
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MISCELLANEOUS NOTES.

A Note on a Peculiar Habit of Fresh Water Hydra.

During the last of September, while examining, in the laboratory,

an aquarium containing Hydrodictyon, Spirogyra and other plants,

I noticed on the sides of the aquarium a few Hydras and, as the class

in Zoology would need some for study about the last of NoYember, I

placed the vessel in a window and renewed the water from time to

time and soon noticed that the Hydras were reproducing by budding

very rapidly. As the time approached for the class to need them,

there was quite a large number, with buds in all stages of development.

But, greatly to my surprise, in a day or two afterwards, when I

went to the aquarium to get specimens for the class, there was not a

single Hydra to be seen on the sides of the aquarium, where they had

been so abundant. My first thought was that some one had disturbed

them, but upon accidentally turning over a piece of bark that happen-

ed to be in the bottom of the glass, I found underneath it all the ani-

mals that had but two days before been attached to the sides of the

receptacle.

Upon examination, I found that, without exception, they were

all reproducing by means of eggs. The large ovaries, and testes,

producing spermatozoa with two flagella, forming from the ectoderm

in numbers as high as six on a single animal. By placing some of

these animals in the light they again began reproducing by budding.

Thus showing by a few simple experiments that the most common
method of reproduction, by budding, takes place in the light, but when

the animal reproduces by means of eggs it seeks the dark and be-

comes quite inactive. A fall in the temperature of the room might

account for the sudden change observed, in this case, in the method

of reproduction. The eggs, covered with a thick chitinous shell, fall-

ing to the bottom, pass the cold months in that state. Both forms of

Hydra vulgaris, H. virdis and the one under cosideration, H. fusca,

are quite common in this locality.

A more extended discussion of the Hydra may appear in a future

issue of the Bulletin.

W. G. Tight.
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List of Alg^ from Granville, O.

The following list adds a number of species to that given by Mr.

H. L. Jones in volume II.

1. Spirogyra dubia.

2. Spirogyra adnata.

3. Spirogyra fluviatihs.

Jf. Spirogyra sp. (see below.)

5. Zygnema a'uciatum.

6. Zygjnena stellatu77i {genui7tu77i.)

7. Oedog07iium f7'agile.

8. Oedogoniurn polyTnorphimi.

9. Chcetophora fusiformis.

10. Co7ife7'va rhyphophila. This plant grows in troughs and

deep pools and stands perpendicular in great green masses resembling

pillars. The stems are very fine threads and much crowded together.

11. Oscillaria tenuis.

12. Oscilla7'ia.

13. Hyalotheca mucosa.

llf. Closteriuni acerosu7n.

15. Miscraste7'ias truncata.

16. Nostoe rupestre.

17.. Wolfia colu7nhiana. (Not properly included in a list of

algcE, but mentioned on account of its association.)

Numbers i, 2
,
and 12 of the above list were found in a pond fed

by a spring and had their filaments commingled. In like manner, 5 ,

6
, 7 , 9 ,

and r 6 were closely associated. The nostoc was very sticky,

so that the stems of the other plants, spores, and debris clung to masses

of it. When the spores developed, the stems would grow all about

among the Nostoc fronds.

The Spirogyra numbered 4 ,
appears to be undescribed. Should

this prove to be the case I would wish to call it

Spirogyra herricki sp. n.

Diameter about 3 m.; cells 2 to 4 times as long as broad
;

spirals

3 ,
making to a little more than 2 turns; cells not folded or re-

plicate at the ends
;

spirals rather narrow, light green
;

fertile cells

swollen; spore 42 m. by 22 m.
Chas. L. Payne.
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Editorial Note.

The object of the department here opened in the bulletin is per-

haps self-evident, but we may indicate that it is primarily intended

as a common arena where the several departments and the constitu-

ency of this institution may meet for comparison of ideals and meth-

ods; and the crumbs that drop from the table of the various class-

rooms, if gathered and garnished, might serve for the intellectual

quickening of many a stranger. We also intend to devote a certain

amount of space in each number to the analysis of important educa-

tional works as well as to the study of striking tendencies, as ex-

hibited in educational literature or praxis. The present issue is essen-

tially an after-thought, and is to be treated as an explorer in a field

where a little friendly co-operation would invite to permanent settle-

ment. The frequency of issue will depend upon self-evident contin-

gencies and will be independent of that of the laboratory portion,

whose contributors freely admit that ‘‘the gleaning of the grapes of

Ephraim is better than the vintage of Abi-ezer.”



EDUCATIONAL BRIEFS.

“It is, indeed, a characteristic of fruitful ideas, that they as a

rule are developed only in connection with a patient and penetrating

investigation of some subject
;
nevertheless, such an occupation can-

not be successful without some guiding theory.”

—

Lange. Hist, of

Materialism.

It has been calculated that a shock sufficient to bring the earth

to a stand-still in its orbit would evolve as much heat as the combustion

of fourteen earths of solid carbon and result in a reduction of all the

earth’s elements to a fluid, if not mostly a gaseous condition. Moral :

—

If the earth moves, don’t try to stop it. It is easier and safer to guide

a natural tendency than to attempt to suppress.

In Chicago the writer once stood within the wonderful cyclorama.

The Battle of the Merrimac and Monitor, when his attention was

diverted by a group consisting of a burly, beer-imbued German
of the lower class with his two children fresh from school. The chil-

dren were full of eagerness and enthusiasm and were discussing this

and that feature of the scene as appreciatively as a boy and girl only

can after recent study of the history involved. Suddenly the father

awoke to the fact that his age and position imposed upon him the

office of cicerone. He accordingly pointed his stick, and with tipsy

dignity began : “Now children, dose is not mans, dose is schust

make-believes, dot is not air, de glasses make it look like it vas.”

“But father, isn’t that the Merrimac?” broke in the boy. Vy no,

dot is a boat, don’t you see, dot is make-believe water, de glasses

make it look dot vay. Dot is not vay off
;
Chicago is out dere, de

glasses round here all makes it large about.”

The pathetic humor of the incident could not prevent me from

reflecting that much of our teaching is as faulty through ignorance

and false estimate of the needs of the pupil as that father’s description.
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When a teacher finds that he has passed a year marking less of

hard study and fresh attainment than any year of his student life, let

him reflect that his successor has already been nominated. In the

economy of nature after a body is dead, the time is not far distant, wherr

it shall be written “Behold he stinketh.”

Time was when the greatest difficulty under which the inland or

(as Dr. Holmes would no longer say) fresh-water colleges in America

labored was the lack of the perspective and stimulus afforded by a

cultivated constituency. There were often enthusiasm and self-sacrifice,

but too often there was but a very vague notion of what the ideals of

college work should be. This is no longer in the same degree true, and

the press has, as usual, been a prime mover in uplifting the plane of ed-

ucational endeavor.

It is needless, then, to disguise the surprise which is felt when

one sees in the editorial column of an inland Baptist paper—the Journal

and Messenger, of Cincinnati—such a paragraph as the following ;

“A pastor, in the families of whose church are a large number of

college graduates, told us that there was hardly one of them that was

good for anything as a church member.”

To Christian men of ordinary intelligence, the statement that col-

lege graduates are undesirable church members is susceptible of but

one inference, namely, that a church in which such men can find no

place or welcome is a strong-hold of narrow bigotry and ignorant

egotism. The statement is a libel on the cultured church of America.

All educators are interested in the problem of university educa-

tion in America. But there is much diversity of opinion as to the

normal development and ultimate object of the university. A few

points we, think, are settled in advance by the conditions existing in

America. First, the continental university system cannot be grafted

upon the American preparatory system. Our colleges undertake vast-

ly more than the gymnasia of Europe, and turn out students at once

better and worse prepared for the higher educational work. The
Americans who enter German universities habitually take a high place

among the ranks of original workers, though they may have cause to
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lament imperfect preliminary drill. The sharp contrast between the

routine of the gymnasium, and the freedom ofthe university, together

with the resulting waste of time, are not necessary in America.

The true American university which shall be more than a pitiful

imitation of an unnatural system must be the outgrowth of American

experience and existing institutions.

So far, at least, as the scientific course is concerned, experience

seems to indicate that the desire for the further pursuit of topics opened

in connection with the collegiate studies furnishes the true nexiLs

with the university course. No class, under favorable conditions,

completes any scientific topic without furnishing several aspirants for

the advanced work in the same line. When teachers and pupils are

brought daily within sight and hearing of the investigations of ad-

vanced students, the attraction is greatly increased. The combination

of college and university instruction under the same management af-

fords opportunity for decided economy in apparatus, corps of instruct-

ors, and advertising, as well as in general endowment.

There is a characteristically American fallacy regarding the es-

sentia of the higher instruction. The prime requisite is stated to be

money. Of course, some money is necessary, but the lavish expendi-

ture in buildings and in display-apparatus is foolish and unnecessary.

The real essentials are two—men and books, but especially men. It

may be replied that to secure the best instructors large salaries are

necessary. But, as a matter of fact, the true teacher is not avaracious,

and appreciates the spirit and scope of his work more than its rewards.

The man who is adapted to conduct truly original work is him-

self an investigator, and he will prefer to labor where time and ap-

pliances for his own studies are offered, with large liberty in laying out

the work, rather than where a larger salary brings with it constraint

and uncertainty.

The contact of a moment with a teacher overflowing with the con-

tagious enthusiasm of a personal struggle with stubbornly concealed

fact, is worth more than hours of routine drill under the hired instructor.

The typical American university will be, we believe, the out-

growth of the college. It must be remembered, however, that few of the

graduates of American colleges are financially able to endure longer

unaided the already exhausting drain. Some provision for assisting

promising students must be devised. The most economical method

seems to be that of active fellowships. There are always connected
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with the university system many sorts of drudgery which require and con-

fer discipline. A foundation which pays a small stipend for such assist-

ance not only enables the student to pursue his studies, but relieves the

instructor of much unproductive labor. In many cases, the gathering

of material for a special investigation at once familiarizes the collector

with the practical details of a subject, while supplying the experienced

student with available material. The fact that this kind of assistance

in no way compromises the self-respect of its recipient is no small

argument in its favor. Certainly the church, as well as society at large,

has need of well-trained teachers no less than of clergymen.

One of the significant signs of closer articulation between college

life and what is known as “real life,”, is seen in the increasing amount

of attention given in the college course to social and economic ques-

tions. Johns Hopkins, Harvard, Columbia, Cornell, the University of

Pennsylvania, and the University of Michigan all supply courses in

social science.

The practical study of such questions as immigration, poor laws,

pauperism and crime, child labor and woman labor, unremunerated

industries, etc.
,
cannot fail to remind the student that he is not a

member of a medieval monastery but a part of vital modern civiliza-

tion, bearing his share of its responsibilities and burdens.

The question arises whether the benefits of such study can be of-

fered the students in only a few exceptional colleges and in the universi-

ties. We think not. The inductive method is possible in connection

with the term usually given to ethics or political economy. Thus,

various students may be asked and assisted to collect and digest data

on such topics as these in the adjoining city or community. What is

the average school life of boys—of girls—of foreigners—of rich—of

poor? What is the ratio of various employments in your township,

ward, or school district and what is the reniimeration of each ? From
what class or nationality do- the criminals in your district chiefly come?

What crimes are especially characteristic of uneducated, and what crimes

find their victims among the more cultivated ? What is the ratio of

contributed to accepted charity ? What proportion of the population is

not reached by specific religious influence ? In many branches of

such investigation, the humane and religious institutions would gladly

co-operate and the collection of statistics might be combined with

charitable or religious work.



BOOKS AND AUTHORS.

Lotze’s Ontology—The Problem of Being.

So long as man delights in the pure activity of reason, the funda-

mental question of philosophy will reappear in varied form.

To recapitulate the various views as to what consitutes being
would be to review the course of philosophy from the Eleatics with

their Pure Being to modern materialism with its omnipotent atoms.

To define the terms employed in the discussion would be a repetition

of the task of Wolff, who taught philosophy the modern tongue, and
of the task of Hegel, whose subtile analysis seems to have ex-

hausted the possibility of further dismemberment, if, indeed, it has not

so divorced the essentials from the essence as entirely to dissipate being
in the dust of formal logic.

No recent writer has contributed more substantially to the solu-

tion of this problem than Hermann Lotze, whose writings are just be-

coming known and appreciated in this country in spite of the inade-

quate and possitively inaccurate translations which furnish the medium
through which his thought reaches the English-reading public. Lotze
is especially valuable on account of his clear statements of the limita-

tion of the sphere of psychological investigation, and because of the

tonic antagonism of his monistic idealism to the prevalent dualism or

mechanical materialism.

We need at the outset to notice a peculiar apparent contradiction

in his method. He explicitly states that metaphysic precedes psychol-

ogy in natural order, and compares the reverse procedure to the tuning

of instruments before a concert. Lotze correctly states that ‘‘every

one must, in the last instance, judge of every proposition submitted to

him upon grounds of which the constraining force presses upon him
with immediate assurance.” This is, however, far from convincing us

of the irrelevancy of close inspection of the source, content, and rela-

tions of the given proposition. To his figure we might rejoin that to

precede psychology by metaphysics is like painting a picture with an
empty color-box. The contradiction is more apparent than real, for

evidently Lotze would search for the metaphysical in the psychological

content, for he says “the history of science shows that those who
resolutely set themselves to mastering certain problems generally found
their cognizance of the available appliances and of the use of them
grew keener in the use, while, on the other hand, the pretentious

occupation with theories of cognition has seldom led to any solid re-

sult.” How to sever the content of cognition from the process of

cognition becomes a hopeless problem from the subjective and dyna-

mical point of view of our author, and need not be solved in practice.
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The “idealistic construction of the universe”, which Lotze regards

as the attainable end of philosophy, does not construe the “dependence
of the reals,” (otherwise the order of nature) as referable to a fixed and
arbitrary law—this is unattainable—but reaches only derived laws.

Thus Lotze is world-wide from the older idealists. Indeed, this ad-

mission is fatal to a purely idealistic system, as its author evidently felt,

and thus he was forced to elevate experience to a place from which the

more consistent earlier idealists banished it. For the purely system-

atic creations of Aristotle and Kant he has little respect, regarding the

categories, even as supplemented by Kant, as mere hap-hazard con-

trivances of psychologists.*

It is certainly a matter of surprise that he should chose, as his

fundamental statement, the reality of the distinction between spirit and
nature, as the two elements in our universe, and begin with the as-

sumption that no period of human exisence is conceivable when man
did not feel himself in opposition to an external world—a psycholog-

ical rather than a metaphysical determinant, f
This double inconsistancy is again more apparent than real, for

he proceeds to reduce everything to a common character of inter-

dependence as immanent in the Infinite, from which some real beings

(spirits) are elevated (without being liberated) into the sphere of tran-

scendent existence—a realm of conscious freedom in real dependence,
of which more anon. j

Then, admitting the complete human subjectivity of our knowl-
edge, he insists on its necessary validity in its own sphere, and builds

unhesitatingly on it the structure which is subjected to a final search-

ing test from an ethical point of view.

It is at present, however, with his doctrine of being that we are

especially occupied. “Since sensation is the sole causa cognoscendi of

being, we might make the mistake,” says Lotze, “of identifying being
with that which reveals it.” The question pertinently arises what be-

comes of being when the only evidence we have of it is re-

moved ? The simplest form of answer lies in an appeal to the con-

sensus of sentient beings. This informs us that the conditions of

sensation are not solely incident to our individual nature. Just as the

more concrete concept of substance is formed from the concurrent tes-

timony of isolated senses, the separate but concordant testimony of

various beings is the basis for an act of judgment, out of Vvdrich rises

the concept of independent being as a cause of subjective states.

Essence, says Lotze, must be prior to interaction, but it is equally

true that the being of things is only to be found in the reality of cer-

tain relations between one and another. The quality of things by

'''See for valuable critical notes on the categories, Ui.Rici, System der Logik.

tNevertheless,he does not agree with Ulrici in taking the antinonies of con-

sciousness as a starting point.
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which they reveal themselves is due to change. The basis of his

whole idea of essence is found in the statement, long since published,

that '‘things do not exist by virtue of a substance contained in them,

but that their existence consists in the power to produce a given ap-

pearance.” This, in point of fact, is equivalent to identifying being

with energy. Reality is another name for behavior. Such are some
of the various ways of stating the same idea. •

If being consists in activity, the being of two things in one uni-

verse would imply interaction—space is but another name for variety

in the modes of this interaction. Our minds compel us to think of

energy as a resident in substance. This is a necessary postulate of our
minds, the correctness' of which it is idle to discuss. The power of ac-

tion and reaction resides in one infinite substance. All the elements
of nature are immanent in this Absolute and the gradations of their ex-

istence depend on the intensity of the portion of the absolute within

them.
An absolutely inactive soul would thus be a nonexistent souk

Immortality becomes a mere potentiality or, as the author himself sug-

gests, a melody with pauses—every lifetime of this soul is a deed of

the primal external force.*

There are several points in the conclusion reached which require

interpretation, and some which seem neither to grow out of the premises

nor to correspond with the positions elsewhere taken. In fact, in ap-

plying the system, Lotze seems at times to lean to the very verge of a

mechanical construction which regards the soul as a condition, and then

to fling himself to the other limit of regarding it as a self-centred being
with unconditioned spontaneity.

Let us construe the problem of being on the basis suggested by
Lotze, but following a slightly different path and remembering that

the ultimate criticism of a system must be on the basis of its adapta-

tion to the needs and postulates of the thinking subject. If we cannot,

as Lotze claims, predicate from what ought to be what is, yet it will

be generally admitted that if our subjective standards of reality fail,

there is to us an end of philosophy.

Philosophy has been defined as world-wisdom, but it would be
more unambiguous to define it as self-wisdom. “Self” is the necessary

postulate and foundation of all knowledge. (Though we may agree with

Biran that self reveals itself and the non-ego simultaneously in a sense

of effort and its occasion.) This is the thinking object-subject, and
knowledge of it is immediate and constitutes consciousness. Con-

'=''As regards the doctrine of being, many of Lotze’s statements were antici-

pated by Cousin and (more correctly interpreted) by Maine de Biran. CEuvres
Philosophiques. Paris, 1841. It is especially in reference to the human will that
Biran becomes explicit on this head. “Effort made by the will and directly per-

ceived constitutes the individuality, the ego, the primary fact of the inner sense.”
The idea of force is the corrolary to that of effort. It seems to us that this forms a
valuable supplement to Lotze’s idea.
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sciousness reveals its content in two forms, active and passive—sub-

jective and objective—distinctions which likewise are immediate in

experience, though upon them rests the whole superstructure of psy-

chology.

‘‘Self,” as subject-object with its active and passive phases ex-

pressed in volo BJidpatior—the latter further analyzed by psychology
into reflexive and independent, sensibilitas and intellectus, giving us the

familiar trinity, will, susceptibility and intellect—must be the starting

point for every excursus into the realm of being.
It must be admitted, however, that the criticism of Ulrici upon this point

is valid,

Ulrici’s argument may be condensed as follows, chiefly in his own words:
The simplest reflection convinces that the idealistic principle—thought and

its necessities—constitutes the cause and therefore the only starting point of

philosophy.
I have also shown that this intellectual necessity implies, or is rather

founded upon, the second or realistic factor of human knowledge, i. e. the activ-

ity of a real being. Indeed, thought would be impossible without this realistic

factor, and this inheres in the nature of thought as one of its conditions. (Ulrici

means by thought, “all spiritual activities or the spirit itself as activity.”) We
cannot doubt or deny the existence of thought, for such denial or doubt is

activity.

This is the real meaning in Des Cartes’ famous cogiio erqo stim and this

truth is the starting point of Kant, Fichte and Hegel, Nevertheless Ulrici is

unwilling to proceed with Lotze from the fundamental ascertion “I think,”
because this is not an irresolvable and unambiguous concept, but rather from
“IT IS THOUGHT,” i. e., eliminating entirely the implied problem, “who thinks?”
This thought must not be called with Fichte “my thought” for my thought is

distinguished as 7nine only when compared with his ox yours. It is quite incorrect

to say with Lotze “my thought would obviously remain mine even though every
other personality were suddenly annihilated,” for, true as this is as a general
statement, it would not be true in consciousness except as the memory or mental
representative of these other personalities remained, thus taking the place of the

actual personalities in my consciousness and continuing the process of compar-
ison or contrast. The criticism thus applied to the concept ndne applies equally

to that of /. The self-consciousness implied in the word “I” Ulrici believes is

itself a product of an effort of the intellect.

The only thing about thinking which cannot be denied or doubted is its

active character, for even the denial is an effort of the intellect. Abstraction,

denial, doubt, all are efforts of thought. It is impossible to go back of the pri-

mary statement thought is activity. As Trendelenburg has shown, all definitions

of activity assume the knowledge of what is to be defined. Lotze, indeed, re-

sponds that it is possible to regard the phenomena of thought as a passive

happening in which the mind is simply affected. .“Fragen. Untersuchen, Wissen
kann ich zwar allerdings als Thaten, als Handlung auffassen . . . ich kann
jedoch ebensowohl dieses ganze innere Leben als eine Reihe von Zustaenden,
eine Geschichte ansehen, so dass das ganze Schauspiel meiner passiven Zustaende
ensteht, die ich bald Frage, bald Untersuchung, bald Wissen nenne.” But we
think he is fairly answered M^hen Ulrici says, “the difference between Lotze
and me consists only in this, he proceeds from definite concepts and their

activity without inquiring into their origin or the source originating them,
while I begin with thought as the force which originates these concepts.

But, I ask, how can concepts be “in me” without my distinguishing them from

•'-System der Logik, Leipzig, 1852, p. 6, et. seq.



BULLETIN OF DENISON UNIVERSITY. 143

myself or one from another. Further, how is it possible to conceive of, not

merely knowledge' alone, but even questioning and research as merely passive

conditions of the inner life ?”

After alljUlrici comes upon the ground here indicated when he adds, ‘‘Cer-

tainty is simply impossible without a something which is certain, (subject) and
another something of which it is certain (object), Being certain of something is

really the-act of separating in the intellectual process the subjective and objective

element. Thus the essential element in thought is discrimination or comparison.”

We may accept Lotze’s reasoning so far as to admit that being

comes within the range of our consciousness only in the torm of energy.

All attempts to define that in which this energy resides prove illusory.*

We discover, however, that in our own consciousness all these several

forms of energy are efficaceous—must be in order to rise into con-
sciousness. This being so, there must be in us that which can con-

vert all energies into its own. This fact, taken in connection with the

inductive law of physics that all the material forces are correlated and
convertible, warrants us in assuring the unity of all being in a common
sphere.

That all forces are convertible implies the possibility of resolving

all into one, in which case substance, the unknown ground of energy,

reduces to a like level of uniformity—not a pleasant outlook. Let us

trace this thought further. If all forces resolve into one then the pos-

sibility of reaction ceases, for in strictness, the same force, cannot

operate in opposite directions. Where, however, all force is identical

there is no display of energy, or, in other words, all has peished. It

is then impossible to conceive of these extinct energies ever being re-

*Tn the attempt to mediate being and thought, Trendelenburg seeks a form
of activity common to both. This he finds in motion, and, accordingly, motion
is that definite form of activity which unites thought and being—activity is the

universal, motion the particular

Really, however, there is nothing gained by the apparent analysis over the

more general statement that thought and being—soul and body—are inherently
active. The common character of this activity is not proved to be motion, or, if

both are assumed to be forms of motion, other proof is still needed to explain the

interaction between them.
Lotze does good service in emphasizing the fact that materiality is not a

self-evident condition of interaction between two beings. The other view is

older than Lucretius.

“Turn porro varios rerum sentimus odores,

Nec tamen ad naris venientis cernimus umquam,
Nec calidos aestus tuimiir nec frigora quimus
Usurpare oculis nec voces cernere suemus

;

Quae tamen omnia corporea constare necessest

Natura quoniam sensus impellere possunt,

Tangere enim et tangi, nisi corpus, nulla potest res.”

—De Rei'Min Natura, I, 298—304.

We conceive that the theory of being proposed above shows how the com-
mon-sense notion that similarity of attribute is a prerequisite to interaction orig-

inates. We have seen that the essential thing in attribute is activity. If two
beings resemble each other, it is simply because they act in the same way

;
but

acting in the same way in opposite nodes or multiple measure is the essence of
interaction.
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kindled except some adequate cause be applied to awake the reaction.

This is excluded by our premise and, moreover, it is impossible to con-

ceive how conflicting forces could ever destroy each other unless two uni-

verses are assumed, when, again, it would be inconceivable how inter-

action could begin between them. This endless chain of argument
clearly shows that the collapse of the system through the sinking to a

dead level—absorbtion in Nirvana—is impossible. Thus much to

preserve us from an error into which Lotze seems to have nearly

fallen

If being is identified with energy and all being is immanent
in the Absolute, it remains to account for the various kinds of being.

From moment to moment we are affected by various sorts of stimuli

the energy of each of which indicates to our minds a special being.

Existence is, in conformity with the above argument, that combination
of identity and diversity out of which grow our notions of sequence,

cause and effect. Being as continuous, is existence. Existence im-

plies correlated acts of energy in a stated order or method. Existence

as self-continuing is life. In life the correlation is sustained from
within rather than without. Life as self-conscious implies personality.

The relations conceived as existing between these forms of being may be
illustrated thus. Two currents of the celestial ether impinge and pro-

duce a musical note —that is being
;
this note varies according to a

definite order, producing a melody—that is existence
;
the eddying

forces act and react rhythmically, each impact producing the next

—

that is life; the notes are wafted back from the unknown in an echo to

begin a new refrain, and thus indefinitely in a responsive theme—that

is personality.

Lotze was driven by his line of argument to cast doubt upon the

substantiality of the soul. But the same shadow must envelop all

other kinds of substance. The only logical position seems to be pure

agnosticism on this point. The energy implied in psychical existence

is not denied, and this energy is the souks being, no matter what its

ground, and the sequence of its manifestations constitutes the soul’s

existence. If it be proper to speak of the life of a soul, it is found
evidenced in the capacity to perpetuate its states and predicate its ex-

istence. If the soul is personal, it is so because it is conscious of this

power, and thus responsible for its execution. Better substitute for

what is meant by substantiality is not, for our purpose, necessary.

Lotze in an inconsequent way developed hesitation in postulating

the immortality of the soul, chiefly influenced by pathological consid-

erations and what seems to us an erroneous conception of time.*

-'‘It is believed that modern philosophy has something to learn from Lucre-
tius in the temporal discussion The classical student will perhaps remember
the following passage from Lucretius better than the metaphysician ;

“Tempus item perse non est, sed rebus ab ipsis

Consequitur sensus, transactum quid sit in aevo,
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Turn quae res instei, quid porro deinde sequatur.

Nec perse quemquam tempus sentire fatendunist

Semotum ab rerum motu placidaque quiete.”

—De Rerum Natuta. I, 459-463.

We have already seen that it is unthinkable that all force should

be absorbed into one, and thus lost. Brief investigation indicates that

the law of conservation of energy applies in all spheres, and that prop-

ogation of energy has its own laws.

Being is tossed on the waves of the ^-becoming,” but becoming, in

any other than a world of chance, constitutes existence. Self-propoga-

ting existence is such becoming as is conforming to the rhythm of the

universal pulse, and hence is growing more and more indestructable.

Personal existence adds to this conformity that self-consciousness which
is but the promise of the highest conceivable state, where each part is

conscious of the whole. The existence of the individual implies a law
and a progression, this is^termed development, while each individual

forms part of a progression called evolution. Each of these factors

has its counterpart in the nature of man, the first in memory, the sec-

ond in heredity.

As in the working out of the individual progression (development)

memory is a necessary condition, so is heredity an essential condition

of the larger progression involving all living beings. But the second
of these is seen to be in harmony with a progession expressed in the

non-vital existences, in which a sort of memory is provided in latent

energy, so-called. Thus we see all nature points in one way. First,

beings range themselves in sequence producing existence. Inanimate
existence is diversified into a great system and in this process lays up
stores of latent energy. Living things move in accordance with sim-

ilar laws and embalm them in heredity, while persons carry in memory
the evidence of that path of development which they pursue. With
the cumulative evidence thus furnished, shall we hesitate to form the

legitimate induction that further evolution is possible? Conscience
seems to correspond to memory in a sphere in which forces of a non-
physical sort play in the same harmony seen in the more gross activi-

ties, and, by the far-reaching sanctions of its laws, conscience claims

for its arena a wider domain than that of earth.

What Lotze means by speaking of the' soul as a strain of music
with pauses is hard to say, but such a conception as seems to be pre-

sented is out of harmony with his system as applied to personal exist-

ence and is contrary to his teaching elsewhere. Personal existence is a

distinct advance on life, as life on existence, and existence on being,

yet one grows out of the other and all have their residence in that

Universal which, as we have seen, must unify all being in
,
so far as

there is a possibility of interaction. This progressive character and
interpendence permits us to produce the chain inductively into the

future as well as to trace it backward.
The onward sweep of evolution will ultimately overtake the slug-

gish flood of the physical which forms its present vehicle and beat out
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its exhausted force on the unconscious shore of time. What then ? Is

the individual life, which has been its concrete product, but the lumin-

ous foam on the crest of the wave only to fall darkling in its trough ? This
is incompatible with our law of energy and progression. Where then

is the next term of the series—the effect of which our evolution was
the cause ? In the soul of man there have awakened the unfinished

harmonies of beauty, truth, moral worth, happiness. The sphere of

these lies beyond the sensuous and in them lies the promise of further

development.
If being is action, a pause in an uncompleted harmony would be

its destruction. Harmony consists in relations of an orderly kind.

To interrupt these relations would be to destroy them. However,
this is not saying that consciousness is necessarily continuous. Evi-

dently that is what Lotze had in mind when disturbed by pathology.

Again, consciousness cannot be consciously interrupted, such an expres-

sion simply means that more or fewer stimuli are, for a time, warded
off from the soul. When all the sensuous images of life fade with the

body, what new vistas shall open on the soul—what new music con-

tinue the melody of familiar tones—who shall say ! As the energy of

the being grows more subtile and its range increases, a thousand new
stimuli awake it to unfelt sensations and unconceived rapture.

This, it seems to us, is the logical induction from Lotze’s idea of

being. He himself said that the ultimate criticism of a theory is based

on what nature ought to do. Let us see how the theory applies in the

realm of human interest and activity.

If being is doing, the right to exist depends on the power to

serve. is the device on nature’s escutcheon. Life is the

rapturous pulse of every capillary in man’s nature and happiness is the

harmonious vibration of every well-stretched fiber of our being. In

the fulfillment of every obligation—the response to every call, lies the

promise of perpetuity. The survival of the fittest is no longer a blind

and atrocious fatality, it is but the reverse aspect of the law of devel-

opment. To be fit is merely to be, and being or activity is survival.

Of more practical interest is the personal application of this view.

The essence of education and of growth is effort. Symmetrical educa-

tion, in a true sense, is not so much an essential to success as success

itself. In the idleness or inertness of any faculty lies the threat of its

speedy extinction. Morality is not a possession but a power. Well-

directed altruistic effort identifies self-interest and duty.

The nature which responds most readily to every stimulus afford-

ed by nature, and sees the beauty, and hears the harmony in all, mpst

truly is. It is not the stooping student, the acerbid anchorite, the

blind devotee, or the disciple of pleasure, who truly lives, but the man
of two worlds whose body moves in this world while his spirit inhabits

in inalienable possession temples above the clouds. [C. L H.]

Note—

P

ublishers sending books for review should observe that scientific

and educational rather than purely literary topics are germain to our purpose.

Memoranda of price, etc., are also desired.



THE PERSONAL ELEMENT IN INSTRUCTION.

By C. J. Baldwin, D. D,

Individuality is that which differentiates one human character from

another. It is the cast or quality which gives to each man’s work a

distinct, unique effect. This element is already recognized as having

a scientific value. It has been found that the individuality of a worker

may and must be allowed for in determining the precise nature of his

work. The ‘ ^personal equation” has been formulated and used as a

factor in the finest problems of applied science. Each observer, cal-

culator, has a spectrum of his own in which the ray of truth which he

transmits is crossed by dark lines peculiar to himself. And, just as

analysis of the stellar ray reveals to us the chemical elements of distant

stars, so may we find in the light emanating from separate minds subtle

but sure indications of their inherent qualities.

If this were not so, literature of all kinds would lose much of its

charm and power. The monotony of unrelieved sameness would soon

check the student’s enthusiasm, and one book would be enough. But,

as it is, the same subject may present to us an infinite variety of

aspects as different authors treat it in their diverse ways, each one

shaping or coloring it after his own likeness. We find new meanings

in the old truth each time it is translated into the idiom of a life.

Of all cases of this kind the teacher is the most prominent. It is

his office to become a medium through which truth is to shine upon

the learner. He originates nothing, but transmits or translates. How
important then, the quality of the medium, whether it is clear or dim,

dense or rare! We are continually noticing this in our text-books,

the difference between authors in their power ot elucidating and apply-

ing the same truths.

Individualism adds something of its own quality to the ray which

it transmits. Manliness in the teacher ennobles any communication

that he makes. Sympathy, moral earnestness, intellectual honesty,

vitalize and recommend even the barest topics.

What a difference between Arnold’s lectures on Roman History
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and those of Niebuhr, in their power over the student ! The secret of

the charm which Neander and Tholuck threw over scholastic lore was

found in their intense humanity. It was said of Robertson, the famous

preacher of Brighton, that he could captivate the heart even when the

reason was not convinced. Such is the power of the personal element.

Nothing can take its place. Erudition, critical skill, abundant

apparatus, will not compensate for the absence of this attribute. Those

who studied Moral Science under Wayland, or Psychology under

Hopkins, or Theology under Robinson, or Botany under Gray, will

testify that they received as much from the man himself as from the

subject matter that he taught. Who could resist the enthusiasm with

which Agassiz would describe a fish, or forget the electric thrill which

accompanied Mitchell’s lectures on Astronomy?

As to whether this power is the result of cultivation or is to be

regarded as an original endowment, observation seems to favor the

latter view. S ome natures rue evidentially more highly charged with

this magnetism than others. It is one of the qualities of genius. And

yet individuality can be developed and emphasized by culture. What-

ever broadens or deepens the nature, inspires it with unselfish devotion

to the truth and fills it with genuine knowledge, is sure to result, also,

in new powers of expression. What we truly love that we are at no

loss to describe and recommend.

It is true that strong personality sometimes takes the form of

idiosyncrasies, mannerisms which culture corrects. A certain round-

ing of angles and smoothing of the surface is always the result of

training. But, on the other hand, genuine growth insists on self-

assertion
;
so that, if we become less unlike others, we are also more

and more true to ourselves. There is an artificial education which

robs character of all its originality and reduces personal traits to a

uniform standard. Better the primitive wilderness of the forest than'

such Dutch gardening. Dut there is no loss of individualism, rather

a gain of self-reliance and expression, in that development which true

cultivation effects.



CHAMISSO AS NATURALIST AND PHILOLOGIST.

By Prof. George F. McKibben.

Upon Monbijou Square in Berlin there was erected in August

last a statue to the poet Chamisso. The longest life-time has passed

since his story, Peter Schlemihl, appeared,—a story written for chil-

dren, which soon made its author known among civilized nations the

world over. Tom Moore’s Irish Melodies were in their day no more

popular in English-speaking lands than were Chamisso’s poems in Ger-

many. Though not given to boasting, he could say in a letter written

about 1830, ‘‘The people are singing my songs
;
they are sung in parlors;

boys declaim them in the schools.” This popularity is not yet wholly

past
;

his poems have still a steady though not a large sale among

Germans, having the especial distinction of being a very common gift-

book for weddings and christenings. For Chamisso is beyond all

question the German poet who has most acceptably sung of marriage

and home-life. In Robert Schumann’s musical setting of Chamisso’s

Fraiienliebe und Leben, a group of lyrics unequalled by any who have

sung of wedded love, we have that rare combination, music “married

to immortal verse,” in which each part enhances the beauty and power

of the other.

His place in the literature of Germany has long been conceded
;

his poems alone entitle him to so much of fame. But in that which

Germans call the “world-literature” he must also be accorded a place.

His Peter Schlemihl bears translation, that searching test which tries

the worth or worthlessness of a book. Who can read the story, per-

haps in the English with Cruikshank’s illustrations, without wonder at

its ingenuity, deep and sensitive feeling, and sad but wise spirit ? The

reader probably wonders at another thing
;
that the hero, though isolat-

ed from his kind by his shadowless condition, yet, unembittered by

his lost happiness, finds consolation in his power of roaming over the

earth, “measuring now its hights, now the temperature of its springs,

now that of the air
;
observing animals, examining plants

;
hastening
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from the equator to the poles, and from continent to continent, com-

paring one observation with another.” This is explained by Chamis-

so’s possession of a claim to distinction in addition to his literary

achievement
;

as a student of nature he deserves mention with Hum-

boldt and Darwin.

Yet not as their equal. Both his general education and his spe-

cial training were obtained under appalling difficulties. Born in

Champagne of noble parents, Chamisso was but nine years old when,

in 1790, his family fled from the ancestral castle, involved in the retri-

bution which befell the guilty aristocracy of France. The father of

the Chamisso family joined others of his order in the endeavor, with

the help of Prussian and Austrian bayonets, to turn back the tide of

Revolution. The sons accompanied their mother and sisters and be-

gan a really manly struggle for their support. The future naturalist

was at one time about to learn the trade of a joiner; he did in his

efforts to earn his bread gain some skill in making artificial flowers

and, what was afterwards very useful to him, in drawing and painting.

In the latter art his elder brothers had become proficient when in 1796,

after wandering about Holland and Germany, Berlin became the

home of the family. Adelbert became page to the Queen of Prussia

and was enabled to study in the French gymnasium. Two years later

he was appointed ensign in the Prussian army, in which he spent

eight unhappy years, trying repeatedly to resign, until the sudden and

crushing defeat of Prussia by Napoleon in 1806 released him. By this

time,by dint of remarkable assiduity in private study he had gained an

education of surprising thoroughness and breadth, and had written and ^

published poems in both his native and adopted tongue. He had

found friends also,—not among his fellow-officers, from whom he was

isolated by nationality, tastes and studious habits and, it must be

added, by considerable absent-mindness
;
but in non-military circles he

had found, as early as 1803, those with whom he formed life-long

friendships. The turning point in his change from Frenchman to

German was passed. Six years of rather aimless life in his native and
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adopted country and in Switzerland only proved that he had taken

root in Germany, and in 1812 he returned to Berlin with the purpose

of giving his life to the study of nature, especially botany. The pur-

pose had been formed in Switzerland while with the literary family of

the famous Madame De Stael, in company with whose son Auguste

Chamisso had taken his first botanizing excursions near Coppet.

The years 1812 to 1815 were spent at the new University of Ber-

lin in the most untiring study of the natural sciences. No time was

spent in verse making. The period of Chamisso’s special studies saw

the tremendous uprising of Germany against Napoleon’s power, now

shaken by the disaster in Russia, yet still formidable. Germany was

chiefly the scene of the struggle. Chamisso naturally had no place in

it, and remained passive in the midst of one of the most determined

and enthusiastic efforts ever made by a people for its freedom. Ber-

lin became unendurable to him
;
he retired to the country. But even

here and in the midst of his beloved studies he could not forget the

terrible conflict in progress. He took up his pen again, and wrote the

story Peter Schlcmihl. This expresses, some think, fancifully but for-

cibly, the suffering of his sensitive soul at being “a. man without a

country.” It expresses mor.e plainly his longing to travel and study

nature and thus forget human dissension. The opportunity soon

came and was eagerly seized.

To gain glory as a patron of the sciences, the Avealthy Russian

chancellor. Count Romanzoff, Avas at this time preparing to send a ship

on a voyage of discovery into the South Pacific and to find the north-

east passage from Behring’s Strait into the Atlantic. Chamisso ob-

tained a position as naturalist of the expedition and on August 9, 1815,

reported at Copenhagen on board the Rurik, a two masted vessel of

only 180 tons, which was his home for the next three years. The cap-

tain was Otto von Kotzebue.

The voyage which gave to his scientific labors definite direction

and material for the rest of his life, was Chamisso’s first experience at

sea. It brought him first to Plymouth, a few days after the captive
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Napoleon had been carried thence to St. Helena
;
then southward to

Teneriffe, Brazil, around Cape Horn to Chili
;
taking leave then of

Spanish-speaking lands, for three months and a half through the

islands of the Pacific almost without dropping anchor, to Kamtchatka

;

in the summer of 1819 through Behring’s Strait into the Arctic Ocean

and back among the Aleutian Islands, where preparations were begun

for the polar voyage proposed for the following summer. In the in-
r

terval, from September to March, the Rurik sailed to San Francisco,

the Sandwich Islands and the Radack chain of the Marshall Islands,

seeking chiefly supplies and only incidentally scientific information, it

seems. On the return northward from this winter in summer seas

there occurred the storm of April 18, 1817, in which the ship was

damaged and the commander so injured that the main purpose of the

expedition, the search for the north-east passage, was abandoned.

On the map Kotzebue Sound, Eschscholtz Bay, Chamisso Island, all

under the Arctic Circle, remain as reminders of the captain, the physi-

cian, and the naturalist of the Romanzoff expedition. The return

voyage brought the Rurik again to the Sandwich Islands, and to the

Radack group a third time
;
thence by the Marianne and Philippine

Islands, through Sunda Strait, by the Cape of Good Hope, past St.

Helena, (where the strict watch kept over ‘‘Prometheus upon his

rock” made it dangerous, in the case of the Rurik, to land), on to Eng-

land, Copenhagen again, and, finally on August 3, 1818, to St.

Petersburg. Chamisso declined inviting offers to remain in Russia,

was generously allowed to keep his collections, and in October reach-

ed Berlin, where he long enjoyed alone the distinction of having sailed

around the world.

Though his purpose on returning had been to go upon another

scientific journey soon, the remainder of his life was passed in Ger-

many, and, excepting a few absences, in Berlin. For here in 1819 he

was given charge of the Botanical Garden, and later of the Herbarium

also
;
about the same time began his married life, which continued

without a shadow until his wife’s sudden death in 1837. He survived
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only a year. His botanical discoveries upon the voyage began at the

first port in which the Rurik anchored after he had got aboard. For

near Plymouth he found the Centaurea nigrescens, previously un-

known to English botanists. The unfavorable season, wet at Tener-

iffe, in Brazil, and dry in Chili, prevented successful collecting. It

must be said, too, that Chamisso was not only not aided, but even hin-

dered and thwarted in his duties as a collector by the captain : many

carefully gathered specimens, especially sea-weeds, were by the latter’s

order thrown overboard when left to dry on the deck or in the cabin.

This unfortunate circumstance and the limited space at his disposal

make it remarkable that Chamisso could accomplish what he did. The

flora of the thrice-visited Radack Islands was preserved almost com-

plete. California, as yet almost untrodden by the botanist, furnished

much that was new, among other things the Eschscholtzia californica^

one of the Papaveraceae, named in honor of the ship’s physician,

who was also the naturalist’s most helpful friend during the whole

voyage. Seeds of this Californian flower, carried home by Chamisso,

gave it a permanent place in the gardens of Berlin. An abundant col-

lection was made upon the islands of the Arctic Ocean of plants which

reminded him vividly of the Alpine flora of Switzerland. From the

northern regions alone, visited by the Rurik, he brought to Germany

more than fifty plants, which thus far had been unknown. The Cape

of Good Hope, called the most thoroughly studied botanical garden

on earth, furnished him several species new even to the trained eye of

Mundt, a Berlin botanist whom he met there.

Though he began at once on his return to arrange his hay, as he

called his plant-collection, yet he personally did but a small portion of

the work. With rare unselfishness he distributed them freely to learned

institutions, especially of Berlin, and to other especially qualified

botanists, in whose hands they became the basis of many valuable in-

vestigations and conclusions. For example, he sent to the Swede

Agardh, an authority upon sea-weeds, a collection of algae brought home

from his journey, among them a rare example of reduplication, found
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at the Cape in gathering tang. In this specimen Agardh saw an illus-

tration of his theory 6f the transformation of plants to animals in the

case of certain algae: an opinion which Chamisso, who held firmly to

the permanency of types, was far from sharing.

The full value of his work as a botanist during the great journey

appeared when, shortly after his death, Schlechtendahl, his colleague,

published in the botanical journal, Linncea^ a description by families

of the plants observed upon the Romanzoff expedition. In the name

of several of these the discoverer’s name is preserved
;

for instance,

the Cibotium Chamissoi Kaulfuss, a most beautiful tree-fern of Hawaii.

Chamisso advanced the cause of botany not only by his plant col-

lections, and by his official position, but also by his pen. Contribu-

tions to his friend Kunth’s Flora of Berlin appeared at the same time

with his Peter Schlemihl in 1815 ;
at the direction of the Prussian gov-

ernment he wrote a book for use in the schools on the plants of North

Germany, the introduction to which contains, as he said, his scientfic

confession of faith
;
as an editor of the Linnaea he wrote many minor

botanical essays, to most of which he furnished his own illustrations,

thanks to his skill with pencil and brush.

Thus far this article is about equally indebted to Chamisso himself,

Max Koch, and an address delivered in June by Du Bois-Reymond

before the Prussian Royal Academy of the Sciences. Among botan-

ists, as the above paragraphs show, Chamisso deserves to be held in

lasting remembrance. In other branches of natural history also he

rendered valuable help by patient observation and happy suggestion.

A quotation from Du Bois-Reymond shall speak for itself: ‘^Cha-

misso himself was now to make in the domain of metamorphosis one

of the most remarkable discoveries. Voyagers in the warmer seas had

long observed certain animals, about as large as a mouse, soft, of

glass-like transparency, iridescent in the sunshine, which often appear

in great numbers upon the water’s surface and present the peculiar

phenomenon of being united, from 20 to 40 of them, in long chains by

special organs of adhesion. These animals, mollusks without head or
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shell, are the salpae. All members of such a salpian chain are of the

same shape and similarly arranged
;
by taking in and forcing out wa-

ter they move uniformly and keep step, as it were, and thus the whole

chain rows along with serpent-like motions beneath the smooth surface

of the sea. Besides the chains of salpae, isolated salpae also occur,

but of two kinds. Some bear in their organs of adhesion plain trace

of having been members of a chain
;
others entirely lack any such

trace. On the voyage from Plymouth to Teneriffe during a calm,

Chamisso made the surprising observation, that the isolated salpae,

which never formed part of a chain, always contain spawn which re-

sembles the chain of salpae
;
on the other hand he found in the mem-

bers of the chain a spawn whose form corresponds to that of the isolated

salpae. The animals which belong to a chain, and which produce

isolated salpae, are hermaphrodites
;
but the isolated salpae are neuter,

and the chains are produced in them without fertilization by budding.

Two generations thus alternate, one of which is propagated sexually,

and the other asexually by internal budding, and which are

distinguished by other marks besides. To use Chamisso’s figure : a

salpa is not like its mother nor its daughter, but rather its sisters and its

grand daughters.”

‘ ‘Chamisso named this kind of propagation that by alternating genera-

tions. So new and unheard-of did his story appear that, when he related

it after his return in a special Latin treatise De Salpa, published 1819,

it either remained unnoticed or was violently attacked. Meyen, later

professor of zoology and natural history at the University of Berlin,

who in the years ’30-32 sailed around the world as ship’s physician on the

merchant-man Princess Louise, was so unfortunate as to meet with not

a single isolated salpa that contained a budding chain of salpae, while

free-swimming chains of salpae surrounded the ship in masses. In his

doubts concerning the correctness of Chamisso’s observations he went

so far as to assert that the free-swimming chains of salpae and the

chain-germs, which Chamisso claimed to have found in isolated salpae,

had nothing at all in common. On the other hand Eschricht in Co-
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penhagen assumed Chamisso’s facts as correct, but in an extended

treatise, in 1841, thus after Chamisso’s death, proposed another ex-

planation. * * * Almost immediately after this, in 1842, Chamisso’s

view found in the same place a defender, and his fame a herald, in

our corresponding member Herr Japetus Steenstrup. He succeeded

in distinguishing upon the wide field of the doctrine of propagation,

—

a field abounding in strange things,—a series of development processes,

which as a whole can be explained from the point of view of alternation

of generations, which Chamisso had first recognized and named. * * *

Processes of development in the medusae, strobilae, cercariae and dis-

toma, and aphidae or plant-lice, and later others besides, were thus at

one stroke made plain. Johannes Muller’s famous discoveries con-

cerning the development of echinoderms formed a step of transition

between the phenomena of alternation of generations and those of

metamorphosis, of which *the frog and butterfly afford the best known

instances. The merit of having opened this way belongs, as Herr

Steenstrup expressly declares, to Chamisso.”

Though sharing in the erroneous view at the time prevalent con-

cerning the coral insect (that it builds its wonderful structure up from

immeasurable depths), yet he contributed to the understanding of the

subject by observing that the coral grows most rapidly in a violently

agitated sea. This more rapid growth, however, he did not ascribe to

the real cause, (that the surf secures the insect its needed nourishment),

but merely to the mechanical action of the waves'. Not for the cor-

rect theory of their formation, but for his careful study of their present

condition as the abodes of men, does he deserve credit in connection

with the coral islands.

In concluding his discussion of Chamisso’s contributions to zool-

ogy Du Bois-Reymond says : ‘^We should be in error, if we imagined

Chamisso’s zoological observations directed, according to the manner

latterly preferred, only upon the lower animal forms, such as salpae

and coral insects. With just as close attention the vertebrate animals

ot all latitudes were observed : the flying fish, the birds that perched
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upon the Rurik^ the whales, which he dreamed of taming and making

serviceable, the sea-lions through whose bellowing herd he fearlessly

strode on St. George’s Island. Concerning the monkeys taken on

board of the Rurik he made profound psychological observations.

Even the extinct animal-world did not go unnoticed : a tusk, dug up

by Chamisso on Kotzebue Sound, was, in accordance with his draw-

ing and description, ascribed by Cuvier in his Ossemens fossiles to the

mammoth.”

“He must ever be regarded as the man who, by distinguishing two

chief divisions of the great ocean and a separate group of islands, first

shed light upon the mixture of races inhabiting the island-world. The

present division into Micronesia and Polynesia * * was substantially

made known by him. * * * In the north also Chamisso gave valuable

hints concerning the relationship of the Asiatic Tchuktchis and the

American Esquimos.”

If the celebrated saying of Charles V. is trustworthy, that one is

as many times a man as he knows languages, then Chamisso was a

man many times over. His native tongue was always available and

was resorted to for many practical, everyday purposes
;
papers on

scientific subjects were occasionally written in French; he used it

also in counting, and in making the first prose sketch of a poem, which

was taking shape in his mind and demanding expression. His last

important literary labor was the translation from the French of Beren-

ger, his favorite poet, and French was the tongue in which he spoke

during the long delirium that preceeded his death. He shared the in-

terest in the medieval that marked the early romantic movement, and

obtained accurate and extended knowledge of both the old French and

German literature.

German may be said to have been the language of his pen rather

than that of his tongue
;
he never became able to speak it fluently, or

without a peculiar accent. Chamisso’s knowledge of German, though

not above criticism for colloquial purposes, was sufficient to make him

an ornament to German literature in both prose and verse, as we have
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seen. His native clearness and grace, united with the well-known

characteristics of German, could not but produce unusual results.

The literatures of England, Spain, and Italy were open to him.

He was able to talk with the captains of American ships, which he

saw in every port and on every sea, and with British officers in Ply-

mouth
;
though his conversation in their tongue was the only thing

that induced those grave taciturn men to laugh. His Spanish, while

yet in Germany, enabled him to read Don Quixote in the original
;

it

served him in both hemispheres as naturalist, and at San Francisco as

diplomat. His title to acquaintance with Italian may be indicated by

the fact that he naturalized in German poetry the peculiar verse of

Dante, employing it for example, in Salas y Gomez

^

perhaps his most

admired poem. Russian he began on the Rurik, but soon abandoned,

finding that his ignorance of the language served as a welcome and

effective barrier against his too often uncongenial companions in the

crowded ship’s cabin. Yet we find among his poems translations from

Russian as well as more recondite sources, like the Lithuanian and

Icelandic. His ability to use and enjoy Latin goes without saying, and

Greek, learned while a soldier, very early made Homer at least a

delightful companion.

All this made Chamisso certainly a linguist, but perhaps not a phi-

lologist. His work, however, in the languages of the Pacific, though

soon superseded by investigations of more favored travelers and, in

some cases, of American and English missionaries, may entitle him to

the second name. In collecting word-lists and other examples of three

Polynesian dialects, those of the Philippine Islands, the Radack chain,

and Hawaii, he performed a great work, which deserves mention.

Kadu also should be mentioned, the native who accompanied the

Rurik upon its second passage from Polynesia to the Russian posses-

sions and back to his home, and who rendered valuable aid in Cham-

isso’s study of ethnology and anthropology as well as of language. The

Radack dialect, whose written form has since been a much discussed

problem, was, by an expedient that at least served in recording daily

acquisitions of words, reduced for the first time* to writing.
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While among the Philippine Islands he used his opportunity of

studying the Tagal dialect. He was by no means the first to break

ground here, Spanish missionaries having long before performed the

labor of giving it written form. He was able, however, to compare

the claims of its three rival alphabets, and, what is more important, to

enrich the royal library at Berlin with a collection of Tagal literature,

which is regarded as one of his most valuable acquisitions.

The Hawaii language became familiar to Chamisso within a limited

range of ideas before any attempt had as yet been made to reduce it to

writing. About 1835, shortly before his election to the Prussian Ac-

ademy, (to which, by the way, Alexander von Humboldt proposed

his name,) he reviewed his records made 16 years before. The lan-

guage had meanwhile become one of books and newspapers. His

former knowledge of it appeared, however, neither gone beyond recall

from lack of use, nor entirely outgrown by later development. He

therefore thought it not presumptuous to attempt the task, which death

had shortly before compelled William von Humboldt to relinquish, of

supplying the language, by the help of its newly made literature with a

systematic grammar and dictionary. The only known papers read by

Chamisso before the Academy were reports of his progress in the

study of the Hawaii language. For this work completeness cannot be

claimed, nor did he claim the knowledge of the languages of south-

eastern Asia which was necessary to the perfect understanding of the

dialects of the Pacific Islands. He made known his investigations

only in order to put into more capable hands ^^some hewn stones for

the structure of science.” Death interrupted him before his difficult un-

dertaking was ended.

Thus modestly does he state in 1819 his conclusions with regard

to the unity of human speech, then only beginning to prevail : “We

suspect that he, who, equipped with proper knowledge, could survey

and compare all the languages of speaking men, would recognize in

them only different dialects derived from one source, and would be

able to trace back roots and forms to a single stock.”



i6o BULLETIN OF DENISON UNIVERSITY.

Fifteen years later than Chamisso Charles Darwin entered upon a

voyage in the Beagle^ which in many points of its route coincided with

that of the former. Darwin’s great theory was developed by observa-

tions made upon his voyage, though the announcement came only

after 20 years of further investigation. Chamisso’s study of nature

covered a much wider and more varied field
;
his preparation for his

work and his prosecution of it were hindered by far greater difficulties

than those which beset the English naturalist’s path. Yet not only the

botanist, but the zoologist, the student of geology, of man in his race-

relations, and in his use of the lofty power of speech, all owe something

to the manysided Chamisso.* For, in the words of Goethe, who was, like

Chamisso, poet and naturalist as well,

‘‘Wer Vieles bringt, wird Manchem etwas bringen.”



PRONUNCIATION OF LATIN AND QUASI-LATIN

SCIENTIFIC TERMS.

By Prof. Charles Chandler.

What method of Latin pronounciation should be used by the

teacher of that language, and what method should be used by the sci-

entific teacher or student in pronouncing the Latin and quasi-latin

names of genera, species, etc., are two questions which should be kept

entirely distinct, though in fact they are frequently confused.

The first is by no means easy to answer, and the men of most

assurance on the subject are generally found to be the men of least

knowledge ;—many of them have never examined more than one side

of the question, some have never really examined any side of it, some

are not competent to examine that or any similiar question. Too
«

many have clung to an old method from mere blind conservatism

;

too many have hastily adopted a new from mere love of change or

from an ambition to be considered “progressive with not a few, an

ever ready and all-sufficient argument against the method which they

have happened not to adopt, is a sneer or a borrowed jest.

As a matter of fact, the teacher of Latin finds that there are very

great practical advantages and very great practical disadvantages in

using either the English or the Roman pronunciation. Of the latter,

it may at least be said that it is a tolerable approximation to the way

in which Latin was spoken at the close of the Republic, and that the

number of sounds concerning which there is reasonable doubt, is not

large. Even when atrociously mis-taught, as it is in most of the

schools where it is professedly used, it does nevertheless far better ex«
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hibit the vigor and sonorousness of the noble speech of the world-

conquerors than does the weak-vowelled and close-mouthed English

method.

As for the so-called Continental (i. e. German) way of pronounc-

ing Latin, which about 1860-75 was epidemic in many parts of this

country, especially in the West, I judge that there is not one word

which may be justly said in favor of its use by an English-speaking

student. Like the English method, it is not and does not pretend to

be the ancient way
;

it is to the German exactly what the English

method is to the English-speaker, a conventional manner of pronounc-

ing Latin words, so nearly as may be, according to the analogies of his

own tongue. It is used, I believe, in all German schools. To the

German it has very much to commend it,—to the American or En-

glishman, nothing whatever. That so many American colleges -and

schools should hastily abandon a method of pronouncing Latin which

was indeed not the ancient way, but was at least natural to the learner

and helped him to understand and to pronounce correctly thousands

of English words, and that they should adopt in its place a method

which also made no pretence of being the ancient way, and which

had the very great disadvantage of being utterly unnatural to the stu-

dent and of tempting him to mispronounce thousands of English

words,—that this should be done, the true ancient pronunciation being

all the while approximately known, seems to me to have been one of

the strangest of all the vagaries of American pedagogy. It was per-

haps the most curious phase of that undiscriminating Germanomania

which has so often snatched at the form while entirely missing the

spirit of German scholarship. The American student was naively

supposed to be taking a long step toward German patience and thor-

oughness, when he learned to mispronounce Latin according to the

German method.

As between the English and the reformed (or Roman) pronuncia-

tion of Latin, there is fair ground for discussion. We surrender

much when we take either. Without a knowledge of the way in which
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the Romans actually pronounced their language, its sound-changes are

quite inexplicable. The farther the pronunciation adopted departs

from the true—and the English departs from it very far arid at many

points—the more inexplicable the sound-changes become. Some of

them, to one acquainted with that method only, are not only without

reason but flatly contrary to reason. No accurate study of Latin phon-

ology is possible without knowledge of the true sounds of the language.

In philological work, also, comparison of Latin words with those words

which in other languages are kindred with the Latin, but not de-

rived from it, can be safely done by no one unacquainted with the

Roman pronunciation. On the other hand, the young English-speak-

ing student, in acquiring his Latin vocabulary, and in comparing with

Latin words the immense element of English which is directly or in-

directly of Latin origin, is very seriously retarded by the use of any

other than the English pronunciation. Again, Latin poetry is incompar-

ably more beautiful when pronounced in the true ancient way, with all

the quantities carefully observed. Of course this cannot be done by

those who use the English method. On the other hand, when we con-

sider how exceedingly ,
small is the number of those who in using the

Roman method pay even the slightest attention to quantity (except in

settling the accent) and that in the lower schools not one in a hun-

dred, not one in a thousand teachers has a ready and accurate knowl-

edge of quantities, the practical gain from using this method even in

poetry are seen to be somewhat misty. Indeed, and this must always be

the gravest dififlculty in trying to pronounce as the Romans did, the

quantity of so many vowels is unknownand seems likely ever to re-

main unknown, that any approach to accurate quantitative pronuncia-

tion (and the ancient pronunciation was essentially quantitative)

seems hopeless. Of course, the most perplexing case is that of syllables

long by position. Here all agree that the vowel was pronounced with

its own quantity, short or long, regardless of the position of the syl-

lable. But what is the quantity of the vowel in such a case ? In

some classes of syllables the ancient testimony is conflicting, in most



164 BULLETIN OF DENISON UNIVERSITY.

there is no ancient testimony of any weight, in many there is no an-

cient testimony at all. In some, the strong probability is that the

vowel was long
;
in others, that it was short

;
in others, the chances are

about equal. To say that we may call such vowels short unless it is

certain that they are long, is an easy way of evading the difficulty
;
but

it is hardly satisfactory to the enquiring student who is resolved to

speak just as Cicero did. To direct him to pronounce them long

when they are probably long, and short when they are probably short,

is to impose on him a burden of investigation and decision from which

the teacher himself might shrink. To pronounce without regard to

quantity, above all to speak that astounding mixture of Roman and

English (not unfrequently with a dash of the German) which so gen-

erally usurps the name of Roman, is a libel on a noble language, and

ought to be odious to all who have any respect for either Latin or En-

glish.

I have spoken of the English method of pronouncing Latin as

natural to the English-speaking student
;
and so it is, for it attempts to

pronounce the words according to the analogy of the Latin element

in English. Yet even this method is difficult of perfect attainment

:

for the words of Latin origin in English, though much less irregular in

spelling and pronunciation than the Saxon, words, are still far from

regular; and a pronunciation of Latin after their analogy must exhibit

corresponding inconsistencies. Thus s, which with the Romans had

probably always the same sound, has in our pronunciation one sound

in seco^ another in rosa^ a third in Asia^ a fourth in fusio, and is silent

in, scientia
;
and, though the student would perhaps spontaneously pro-

nounce these particular words correctly on account of the similar

words in English, yet numerous cases arise where the direction to

‘‘pronounce as you would if it were an English word” is not at all

satisfactory, since there may be no common English word similar to

the one in question {e, g. Phthia, sibi), or the several English words

similar to it may not all be pronounced alike {e. g. mfium, cf. vice,

vicious; facies^ cf. face, facial), or the similar English word may be
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entirely misleading (e. g. honor cf. honor). The student, therefore,

should not be left to ‘^pick up” his English pronunciation of Latin,

but from the beginning should be taught its rules and should be assid-

uously exercised in them, until he shall have learned to leave nothing

to chance or to conjectural analogies.

Morever, in case the reformed pronunciation is the one used, we

can not too strongly and frequently impress upon our students the

necessity of mastering the principles of the English method also : for

this must, at all events, be used whenever there occurs in an En-

glish sentence any of the following
:

(i). Latin or Greek proper

names, geographical, biographical, or mythological; (2). Latin (or

latinized) words which have been adopted in English without change

of spelling {e. g. ,
stratum, apparatus, bonus, syllabus, comitia)

; (3)

.

Latin law-terms, proverbs, and other short familiar quotations {e. g.,

habeas corpus, in statu quo, e pluribus unmri)', (4). Latin and quasi-

latin . scientific names (with some exceptions to be mentioned

later). On this point, I believe, all authorities are entirely at

one ;—whatever system of Latin pronunciation we use, all the

above-named classes of words and phrases must, when they occur in

English sentences, be treated as English and pronounced accordingly.

This is not only settled by authority, but also required by the clearest

reasoning; for while some of these terms are used by only a few

specialists, others are among the most familiar of every-day expressions,

and between these two classes others stand at all intervals. Who
could draw the line between the familiar and the unfamiliar, and say,

“These shall be considered as natives, and those as aliens?” Such a

distinction is evidently impracticable^ More than into any other Ger-

manic language, there is a constant current of words flowing easily

from Latin into English without change, especially of technical terms

called for by the insatiate natural sciences. No attempt to stay the

tide can succeed; and it is well that all authorities agree that such

terms, when needed and when properly formed, are to be treated im-

mediately as a part of our language and pronounced according to the
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rules which govern other words of the same origin. Here is the point

where many teachers using the Roman method are open to sever-

est criticism. They do not impress upon their students the necessity

of using the English method in all the four cases above mentioned. It

is to be feared that the teacher himself does not always understand

that this is the rule. Certainly, in examining men who have been pre-

pared for college in the public schools of this state, I find that almost

invariably those who have used the Roman or the Continental method

make, when translating into English, numerous and gross mistakes in

pronouncing classical proper names, except a very few of the most

common. Ccesar and Cicero are not mispronounced
;
but Cains is in-

variably Ki-us.; the g in Orgeiorix, Gyas, Geryon, is hard; the faithful

Achates is Akah'-tas or Akah'-tez
;
Lahienus is Lah'-bi-a'-noos or La-bi-

a-nus; the Sequani and Haedui appear as Sa'-qua-ne, Sek'-wa-ne,

Se-quah'^-ne, Hl-doo-e, Hl-doo-I, and in various other disguises.

Questioning usually elicits the fact that in translating into English the

boy has been allowed to pronounce proper names entirely at random,

or that he has even been instructed to pronounce the names in both

English and Latin according to what was fondly supposed to be the

Roman method,—being in fact the oddest imaginable jumble of differ-

ent methods.

When we say, then, that the ancient pronunciation is approx-

imately known, we must qualify by adding this statement, that, while

we do know how the Romans uttered the long vowels and how they

uttered the corresponding short, yet in very many syllables it is quite

impossible to say whether the vowel is long or short. Of course these

doubtful syllables, though so numerous, are still few when compared

with those whose quantity is certain
;
but in case of even this last

mentioned class, a huge difficulty arises for the faithful learner—the

difficulty of remembering. In all the recent beginner’s manuals, some

of them very admirable and to a considerable extent truly inductive,

it is assumed or expressly stated that the learner is to master the nat-

ural quantities of all the syllables in every new word and form as he
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comes to it. Now I have no hesitation in saying that this is a burden

which the average student can not bear, and which the brightest and

most faithful student quickly gives up the attempt to bear. Even

when all doubtful syllables are evasively classed with the short, the

burden is still too great for any memory not phenomenal. To re-

member that a is long in Mars and short in pars, long in actum but

short in factum, long in sperans but short in sperantis and probably

sperandum
;
that u is long in diico and short in duxi, while e is short in

rego but long in rexi
;
that i is short in ingero but long in infero

\
to

remember and readily use these and similar facts, apparently unclassi-

fiable and inconsistent, is a most trying task to the young man who

knows that he has only a part of one life-time to spend on Latin.

Sooner or later he abandons the hopeless task (as his teacher has prob-

ably done before him); and his pronunciation of Latin words, except

when he is reading a text with all quantities marked for him, is a

piece of mere guess-v’^ork. I believe that this is not an exaggerated

description of the Roman method as usually taught by good teachers

to bright boys
;
and whether this endless guessing is likely to have a

wholesome effect on the mind in its formative stage, seems to me to be

a question worthy of serious consideration. As to this method as

taught by the average teacher to average boys, the results are so gro-

tesque as to be quite beyond my powers of description.

In scientific class-rooms, too, strikingly incorrect ways of pro-

nouncing technical terms are prevalent. I am convinced that also

this is due in large measure to false notions concerning the proper

province of the reformed method of pronouncing Latin. Let me repeat

that this method should be used, if at all, only in the Latin class-work,

and that there is nof a shadow of authority or reason for using it in

the case of scientific terms, law phrases, or the other classes of words

mentioned above. For all these there is only one correct way—the

English. As some of the best school grammars have in late years

ceased to give full rules for the English method, it may not be amiss
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to give an account of it, with special reference to the most prevalent

errors in pronouncing scientific names.

The scientific terms falling strictly under the rules for the English

pronunciation of Latin are the following :

1. Real Latin words, including many generic names and most

descriptive names of species. The specific names are, of course,

adjectives.

2. Real Greek words, put into a Latin form and accented always

according to the Latin rule. They are mostly nouns used as generic

names.

In latinizing them, kappa is changed to c; alpha iota, to se; om-

icron iota, to oe, (except in the ending -oides and a few other cases);

upsilon, to y ;
and epsilon iota to i, sometimes to e (the instances in

which it is represented by ei are mostly mere blunders). Theta, phi,

chi, become th, ph, ch, respectively, which are always to be reckoned

as single consonants.

3. Modern derivatives and compounds from classical sources

and with classical endings. They include nearly all names for divi-

sions higher than genera, and likewise the vast majority of recent gen-

eric names, mostly compounds of Greek origin, but all in a Latin form.

4. Many quasi-latin words, not of classical origin but having a

Latin ending and classical appearance, and falling readily under these

rules (e.£. Catalpa, Cuscuta, Robinia, Batatas.)

A class of quasi-latin words (^.^. Woodwardid) subject to these

rules only in part, and another class {eg. Whiteyi) not subject to them

at all, will be mentioned at the end of this article.

SYLLABLES.-

Each Latin word has as many syllables as it has separate vowels

and diphthongs. Ae and oe are usually diphthbngs and printed ae,

'q have tried to make more clear the following rules, by giving in paren-

theses the correct pronunciation of some of the words cited as examples. In

some cases, where the pronunciation could be indicated without respelling, they
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oe. When printed separately (unless by mistake), the e makes an addi-

tional syllable, as in Danae (dan'-a-e)
,
Callirrhoe (kal-lir'-ro-e)

,
Meroe

(mer'-o-e), Leucothoe (leu-koth'-o-e)
,
Leu-c6n'-o-e, Isoetes (I-so'-e-tez).

On the other hand, beware of making two syllables out of one in words

like ^gilops (ej'-i-lops). Mala (Ma'-ya), Hygeia (hi-je'-ya), Harpyia (har-

pl'-ya). All words ending in aius, aia, eius, eia, have the accent on

the a, e
;

and the i=y. Of course final e is never mute in words

which retain their classical ending. Do not omit it in Dl'-ce, Dine

(dir'-se). Ate (a'-te), Clytie (klish'-i-e, 12), Hecate (hek'-a-te). Aphrodite

(af'-ro-dl'-te)
,
Eunice (yoo-ni'-se, spelled wrongly in list of asteroids

Eunike);but manywords drop their classical endings and have anglicized

forms in mute e.

ACCENT.

In words of Greek origin, the accent which they had before being

latinized is entirely disregarded.

1. In dissyllables, accent the penult.

2. In polysyllables, (a) accent the penult if it is classically long

by nature or position
;

(b) otherwise, accent the antepenult. No ex-

ceptions. If the penult is common, treat it as short.

3. In long words there is a secondary accent on the second syl-

lable before the primary accent, if such syllable is classically long

have been syllabified and accented without parentheses. Such words are not

italicized. In the words respelled in parentheses, the vowels marked long have

their common English long sounds, as in mate, mete, mite, mote, mute
;

those

marked short are sounded as in mat, met, fit, not, nut
;
ah, as a in father

;
a

final, as in quota; other unmarked vowels as they would be in an English syllable

of the same spelling; shj, as in shun; zh, as s, in pleasure; g, as in go; j, as in

join
;
other letters have their usual English sounds. The division into syllables

is to show the vowel sounds only, and would not in some words be correct for

other purposes. The sign of equality between two words indicates that the first

is pronounced as the second. For brevity’s sake, when a syllable is long by

position, I speak of the vowel as long by position. This can not produce con-

fusion, as the English method does not distinguish between natural and position-

al length. A few small exceptions, a knowledge of which is not necessary for

pronouncing scientific words, have been intentionally qmitted. The secondary

accent is marked
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oris the first syllable in the word; otherwise, on the third before the

primary. Alopecurus (a-16p"-e-cu'-rus, 4; 8,c) Eleocharis (e"-le-6k'-a-ris,

17, e; 18, c).

The accent, both primary and secondary, is of the highest impor-

tance, as by it the sounds of the vowels are largely decided. In order

to know how to pronounce a polysyllable, we need to know the clas-

sical length of the penult, which fixes the primary accent. In some

long words, we must also know the classical length of the second syl-

lable before the primary accent, thus fixing the secondary accent.

4. It is to be borne constantly in mind that, after the accent is

determined, the English pronunciation of a word has absolutely noth-

ing to do with the classical quantities of its syllables. The sound of a

vowel will depend partly on its being accented or not, partly upon

the letters following it, sometimes on peculiarities of English words of

similar form, but never directly upon its ancient length. As a matter

of fact, most syllables classically long are in English pronounced short,

and very many anciently short are pronounced long.

The classical length of the penult is generally obvious
;
but in

numerous cases a Greek or Latin Dictionary must be consulted. The

following rules cover most cases : they refer to the ancient length of

syllables, not to the English sounds of the vowels, and are to be used

only in deciding the accent.

5. A syllable is long, if it contains (a) a diphthong {e.g. Spi-rae'-a);

or (b) a vowel representing a diphthong {e.g. Sci-u'-rus, from skia, shad-

ow, and ouratail
;
Er-e-ge-nl-a, from the Greek Erigeneid)\ or (c) a vowel

naturally long {e.g. a-try'-pa, trupa, a hole; such words are few); or

(d) a vowel followed by j, x, z, or any two consonants, in which case

the vowel is ^‘long by position” {e.g. Leu-co'-jum, Hy-pox'-is, Os-mor-

rhL-za, Gym-no-sper^-mae); but (e) note that when 1 or r follows f or

any mute (p, b; t, d; c, g; ph, th, ch), the two are counted as one

consonant, and do not make a short vowel long by position
\ cf.

and 17 d.
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6. A syllable is short if it contains a naturally short vowel be-

fore a single consonant (or mute with 1 or r). A vast majority of

vowels before a single consonant are short by nature.

7. A vowel is short by position before another vowel, a diph-

thong, or h. This rule covers the penult in all the host of true Latin

words ending in -ius, -ia, -ium, -io, -eus, -ea, -eum. There is no

danger of falsely accenting them.

8. But note that if a vowel represents a Greek long vowel or

diphthong, it is not made short by position before another vowel or

diphthong {e. g. Bryozoon, from zo-on, living thing). Here belong

numerous words of Greek origin in la, ea, Ion, ais, ois, eus, of which

many have been adopted as scientific names
;

as, On^^-o-cle^-a, Cas^^-

si-o-pe^-a, De-L^-o-pe'-a, Tha-lL-a, A-rL-on, La-od^^-a-mL-a, Iph^^-i-ge-

nf-a. They are very often mispronounced.

CONSONANTS.

9. Consonants are generally to be pronounced as they would be

in the same syllables in any English word. A few points need to be

specified.

10. Before e, i, y, se, oe, pronounce c like s, and g like
j

;

elsewhere, pronounce c as in come, g as in go (Gyroceras=:ji-r6s^-e-

ras; Cyclostornazm^i-Wo^'-lo-mB, Gyges—]l-]Q?,', Cynoglossum—'&ir/^-o-

glos^-sum, 18, c). Ch=k always; th as in thing; ph as in physic;
j

as in join; x at the beginning of a syllable=z, {Chiton=\iV-X.on;

Ichthyophagi=^\Y^-\hQ-6i^-2i-]\ Xylophaga=zi-\6f 16 a).

11. If a word begin with an unpronounceable group (pt, ct, cn,

gn, mn, pn, chth, phth, tm, ps) the first letter of the pair is not sounded

(Phihia=t\\\-2i’, pteris~tt'-x\?>\ ctenoconcJia==\.^Ti'^ pseudo-

/^^/^^•2V2z/^=su^^-do-buk^-si-num)
;
but in composition, after a vowel,

both are sounded {neuropteris=^n^-xb^'-\.^-x\^.

12. Aspiration. Wherf ci, si, and ti, follow an accented syl-

lable and are followed by another vowel, they are pronounced she

;
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but if the preceding syllable end in a vowel, then si=zhe. Senecio

(se-ne^-she-o, 17, e), Clytia (klish^-e-a, i8,c), Cirsium (sir^-she-um)
;

Artemisia (ar te-mizh^-e-a)
;

Caesia (se'-zhe-a). By exception, Asia=

a^-she-a instead of a^-zhe-a, and Asiatieus=^^^-she-2it:'-i-cus.

Cy is aspirated in a few words before o (Pr^^_y^?/^=:prd^-she-on

;

6Vrr<9/2=si sh^-e - on)

.

Ti is not aspirated after s, t, or x, nor in Greek names in -tion.

VOWELS AND DIPHTHONGS.

In general, a vowel or diphthong is sounded as it would be in the

same position in an English word. A few points need particular

notice.

13. and ce are always sounded as e in the same situation

would be. They are often wrongly sounded long when they should

be short. Daedalus (ded^-a-lus, 18, c, not de-da-lus), CEnone (e-no^-ne).

14. Au, and eu, when diphthongs, are always sounded long, as

in the English words laud, feudal.

Y is always sounded as i in the same situation would be.

15. In the following rules, remember that the expression “a

single consonant” includes all cases (except the few mentioned in 16,

d) where a mute is followed by 1 or r. The two are counted as one so

far as their effect on the sound of a preceding vowel is concerned,

though they may be divided in syllabification
: (/. 5 (e).

16. Special Cases. For convenience, I group together here

certain exceptions to various rules.

(a) . A final, or a in an unaccented syllable (not final) before a

vowel or single consonant, has the obscure sound of a in quota and

oracle (^.^., Gla-beK-la).

(b) . The peculiarities of a after qu, and of all the vowels before

r, are exactly as in English.

(c) . I final has its long English ‘sound. In other unaccented

syllables, except the first, it has its short sound
;
and before a vowel
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this is nearly like e (Unio=:u^-ne-o). In words accented on the sec-

ond syllable, i has its long sound when it is initial followed by a single

consonant (I-tho-ne
; cf., Gi-nor-ga), and when it closes the first syl-

lable before a vowel (Dl-o^-ne, Ll-a^- tris).

(d). u has its short sound before bl (Pub-lic^-o-la)
j
and other

vowels before gl, tl, thl, (-.'^^/^=eg^-le, 13 ;
At-las

;
Ath-le^-ta

;
Aglaia=

ag-la^-ya). The above given exceptions to the following rules, being

made simply to conform to the peculiar pronunciation of certain sim-

ilar English words, do not give any trouble in applying, except in the

case of initial syllables with i.

17. Vowels sounded long. Whatever its classical length may

be (4), a vowel is pro7iounced long in the following situations :

(a) . Before a vowel or diphthong
;
Euproops (u^-pro-ops)

,
Geum

(je^-um)
;
but note exceptions under 16, (a), (c).

(b) . At the end of a word; but note 16, (a).

(c) . In an unaccented syllable (not final) before a single conso-

nant; Le-o-nu^-rus, Ble-phiB-i-a, Cu-nT-la; but note 16, (a), (c).

(d) . In an accented penult before a single consonant (or mute

with 1 or r, 4) ;
Stachys (sta-kis), stra-tum (not strah^- turn or straE-um),

Phry7na (frT-ma), ma-trix, Lichas (ll-kas), Lythrum (ll-thrum, not

lith-rum), A-try^-pa (not a-trip^'-a), Cy^-pris, Arum (V-rum, not ah-rum),

mV-ter (not mah-ter or mat-er), Cnicus (nl-cus), nl-gra (not nig-ra),

Ml-tra, sto-ma, Cle-thra, Is^^-o-py^-rum.

This rule is without exception. Mistakes are very common, espe-

cially in dissyllables, sometimes arising from a vague feeling that the

classical quantity ought to determine the English sound, sometimes

from regarding gr, tr, thr, etc.
,
‘as having the effect of two consonants,

sometimes from mistaken analogies with common English words.

(e) . In words like Ga-li'Um, As-te' ri-as, Mo-ri-o, Pte-le-a,
,

where an accented a, e (or ae or oe, 13), or o comes before a single con-

sonant followed by two vowels of which the first is e (ae, oe, 13), i, or

y, Go^^-ni-a-tP-tes, Ha-lo-ni-a. Here belong the host of words ending

-aria, -onia, -aceae, -alia, -ania, -enia, etc., (but, of course, not those
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in-icia, -ilia, -inia, etc., for the first of the three vowels must be a,e,

or o).

1 8. Vowels sounded short. Whatever its classical length (4),

a vowel is pronounced short in the following cases :

(a) . In final syllables ending in a consonant; but final -es is

pronounced like the English word ease. At/iyris (ath^-i-ris), Atropa

(aE-ro-pa), Myriopoda (mir^^-e-6p^-o-da), bicolor (bic^-o-lor), Schizodus

(skiz^-o-dus), Macrochilus (mac^^-ro-ki^-lus), Promacra (prom^-a-cra),

Polypora (po-lip'-o-ra), Dohchonyx (do-lik^-o-nix), Trichostema (trik^^-

o-ste^-ma), FeK-i-dae, Granatocrinus (gran^^-a-toc^-ri-nus).

(b) . In any syllable before two consonants (except a mute with

1 or r).

(c) . In any accented syllable (except the penult) before one or

more consonants. Of course, it makes no difference whether the

accent is primary or secondary.

To this most important rule there are two exceptions only

:

(1)

. All words described under 17, e:

(2)

. The vowel u before a single consonant (tu^-ni-ca^-ta, su'^-

bu-li^-tes). This (18, c) and the rule for accenting pollysyllables with

short penult (2, b) are closely connected. Both are very frequently

violated, often in the same word,—far more frequently than any other

rule.

It is to be especially noted that, while the first vowel is long (i7,d)

in such words as Fe-lts, Ca-nis, A-phis, sto-ma, it is short (i8,c)insuch

asFeh-i-d^, Can'-i-dae, Aph'-i-des, stom'-a-ta. All names of families

in -idae have the penult short.

In nearly all compounds of Greek origin, the penult vowel, when

followed by a single consonant, is classically short
;
and the antepenult

is accented and pronounced short. Here belong all words ending in

the following
:
(The same word may appear in different compounds

with various endings, -us, -a, -um, es, -os, -on, -e, -is, etc. Only

one form is given. The preceding vowel is retained in some cases to

prevent confusion with other endings).
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—cephalus (head). —philus (loving).

—ceras (horn). —phorus (bearing).

—crates (strength). —pteris (fern).

—crinus (lily).
' —pteryx (wing).

—cyclus (circle). —pterus (fin).

—domus (dwelling). —phytum (plant).

—dromos (running). —physis (nature).

•—genes (race). —poda (foot).

—gnathus (jaw). —pora (pore).

—lepis (scale). —phagus (eating).

—lysis (loosing).
' —spora (spore).

—machus (fighting). —spila (spot).

—meris (part). —stropha (turn).

—odus (tooth). —stylus (style).

—odon (tooth). —stoma (mouth).

—opus (foot). —sthenes (strength).

—ypus (foot). —tropa (turn).

—ipus (foot). —thyris (little door).

—obolus (throwing). —tomus (cut).

—omphalus (umbilicus). —trephes (nourish).

—onyx (nail). —triche (hair).

The following have the penult long :

—anthera (anther). —nice (victory).

—chilus (lip). —nema (thread).

—chirus (hand). —Otis (ear).

—damla (conquering). —pogon (beard).

—dorus (gift)

.

—sterna (stamen).

—genia (born). —spira (spire).

—gyra (ring). —theca (case).

— ites (stone). —trema (hole).

—lites (stone). —trypa (perforation).

—mene (moon). —urus (tail).
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In pronouncing these long words, heed must be taken of the sec-

ondary accent also. JE and oe are shortened under rule 18, c,

whenever e would be; Csecidae (ses^-i-de), CEnothera (en^-o-the-ra)

,

y^lgilops (ej^-i-lops.

Two classes of scientific terms, represented by Woodivardia and

Whyteyi respectively, I have already referred to as not coming under

these rules. The former class consists of modern proper names which

have been latinized in part only. They have the endings, -onia,

-ensis, -ia, -ii, etc.
,
and are accented according to to the general rule

;

but the unlatinized part retains its own pronunciation(sometimes sligthly

effected by the change of accent.)

The earlier rule in latinizing proper names was to give them a

purely classical form. The result was often to render them nearly or

quite unrecognizable. The present tendency is to preserve the iden-

tity of the name. A. S. Miller, in the preface to his American PalcB-

ozoic Fossils, argues that the rules of the British Association do not go

far enough in this direction. He defends such forms as Whiteyi on

the ground that White and Whitey, Case and Casey, Moor and Moore,

will be confused, unless the -i be added to the name unchanged. In

such forms as Whiteyi^ Smithi, Blacki^ Blacduei^ the part before the i

is to be pronounced exactly as if the i were not there.
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